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‘Sue world over, oil consumption is confounding 
the economists. Peacetime uses have so outstripped 
predictions that revised calculations are being 
applied. These dictate an increased refining capac- 
itv, with Europe in line for at 
least another 500,000 barrels of 
daily throughput. In the United 
States the increased capacity is 
needed especially in the area 
east of the Rocky Mountains. 

Recent statistics are significant. All-time high 
point in refinery throughput in the United States 
was a week in August, 1945, when 5,140,000 barrels 
daily was charged. But in January, 1947, a winter 
week and in peacetime, runs stood at 4,917,000 
barrels daily, a figure out of line with predictions. 
In February runs stood for a week at 4,860,000 
barrels daily, 5 percent higher than a year previous. 

Further analysis shows that runs in California 
have accounted for so much of the little reduction 
that exists, that the area east of the Rocky Moun- 
tains continues to operate its refining capacity 
close to full 100-percent throughput. For four 
weeks ending in mid-January runs in this area 
were 4,064,000 daily, within 5 percent of what 
Howard W. Page, economist. for Standard Oil 
Company (New Jersey) considers 100 percent of 
capacity. 

These conclusions as to the refining world pic- 
ture are based on statistics he used in an interview 
with R. L. Dudley, publisher of PETROLEUM REFINER 


Economists’ 
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in an extensive analysis of all phases of the world 
oil industry. 

Capacity of the domestic refining industry is 
being expanded, chiefly through modernizations. 
Only one new plant is slated for the United States. 
But so many plants have programs for adding new 
units that the total throughput will expand of 
necessity, despite the fact that expansion is not 
the primary purpose of construction. The trend of 
the last 20 years, fewer plants with higher total] 
throughput, continues. 

Europe presents the puzzling situation. Despite 
its economic plight, the consumption of oil holds 
so far above calculations that there has been recent 
shifting of ownership of oil from the Near East 
fields, so as to permit its consumption in Europe. 
This consumption will not be possible except 
through addition of processing units. 

The strange phase of the situation in Europe is 
that its politico-economic programs contribute to 
the demand for oil. Under a nationalized coal pro- 
gram, English industry has come up short of fuel 
in a severe winter and the shift to oil is striking. 
Here is the strange situation in Italy, where coal 
is imported at $25.00 per ton. Oil with heat value 
equal to that in a ton of coal can be delivered into 
Italy for $9.00. A substantial part of the coal pro- 
duction in France is mined by prisoners of war, 
and their removal will reduce the coal supply, 
unless immigrants from North Africa are brought 
in for that purpose. 
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How a supported catalyst can cost you less 


, a answer is, let Porocel Corporation put your 


catalyst on activated bauxite. 


Our carrier— Porocel—with a price range of 24% to 
4% cents per pound, costs much less than other 
supports (frequently high-priced synthetic mate- 
rials). Its rugged, granular character eliminates the 
need for costly forming steps—permits direct 
impregnation by simple, inexpensive techniques. 
The result is savings of 20-50% in initial cost of 
the ready-to-use catalyst. 


Porocel is inert in the great majority of cases. 
The degree of purity in low-iron, low-silica 
Porocel means almost complete freedom from 
unwanted side reactions. Hence, Porocel catalysts 
exhibit clean-cut reactions and long life. Result? 
Low unit operating costs. 


With a surface area of about 225 square meters 
per gram and porosity averaging 55% of its total 





volume, Porocel is capable of adsorbing large 
quantities of many inorganic salts or other com- 
pounds. Impregnation of the active ingredient is 
uniform and widely dispersed over areas easily 
reached by gaseous and liquid reactants—most 
important in surface catalysis. 


Catalysts are.-made in mesh sizes ranging from 
2/4 to 20/60 or in special grades when desired. 
And these tough, uniform particles withstand wide 
ranges of temperature, pressure and flow—stand 
up under severe handling. 


As pioneer developers of bauxite-supported cata- 
lysts, we have produced efficient materials for 
others. Now, let us show you how economically 
it can be done for you. Oxtline the details to: 
Attapulgus Clay Company (Exclusive Sales Agent), 
Dept. B, 260 South Broad Street, Philadelphia 1, Pa. 





ACTIVATED BAUXITES © SUPPORTED CATALYSTS @ 


CATALYST CARRIERS © ADSORBENTS ¢ DESICCANTS 
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Other than the Ruhr, oil is competitive with coal 
throughout Europe. The disposition of men not to 
work underground plus other social demands are 
in part responsible for this, but social programs 
and personal decisions are as real in economics as 
are goods on hand. 

The prospect in Europe has management of the 
oil industry in a quandry. Shall it build plants in 
countries where governments are moving toward 
collectivism or shall governments of that-nature be 
encouraged to provide this needed capacity ? There 
is no one-word answer. Both are in prospect. 

Indications are this added capacity in Europe 
will be of skimming type, which would permit tops 
to be brought to this country for processing. 

The people of Europe, despite their economic 
status, must be kept warm, and oil, once con- 
sidered the luxury fuel, gives highest promise of 
accomplishment. 


hy THE annual report of the Secretary of the 
Interior to the Congress, Dr. R. R. Sayers, director 
of the Bureau of Mines, gave this estimate of 
synthetic fuel progress: 

“At the presen: rate of research 


‘Progress progress, production of synthetic pe- 


troleum products on a commercial 
basis is possible within a few years.” 

Currently the report gives the cost 
range of fuel from coal or shale at “from 7% to 
9% cents per gallon . .. not including profit or 
interest on the investment.” 


Report 


But the experimental laboratories set up in the 
research and development program, scientific 
progress has been sufficient to offer assurance of 
still lower costs. Following are quotations from a 
digest of the annual report, as released through 
the Information Service of the Department of 
Interior: 

“In the hydrogenation process, lower pressures 
and lighter equipment are among the keys to 
production economy. Laboratory and pilot-plant 
studies have shown that coal may be converted 
to a distillable oil at relatively low pressures by 
employing special solvents and very active catalysts. 
Another radical departure from European practice is 
the discovery that coal may be hydrogenated in a 
dry or powder state, simplifying the process by 
eliminating several costly and complicated steps. 

“In the gas-synthesis process, heat removal has 
been a major European problem, requiring expen- 
sive construction and limiting reaction-chamber 
output. A new type chamber controls temperature 
by evaporating a cooling oil over a catalyst. Pro- 
duction rates more than double those of European 
plants have been tested successfully and, even 
more important, this cooling method will permit 
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enlarging the chamber to any size practical from 
a construction standpoint.” 

As to shale-oil development: 

“Using a thermal solution process, which em- 
ploys hot solvents to extract oil from shale, sci- 
entists have obtained oil recoveries greater than 
the assay value of the shale. Several engineering 
and technical obstacles remain to be overcome, 
however. Thermal-cracking studies on shale-oil 
fractions are nearing completion, and investiga- 
tions of catalytic treating methods are under way. 
Considerable progress. has been made in deter- 
mining the constituents of oil shales and the 
properties of the shale oils. New methods have 
been developed for analyzing crude shale oils and 
determining hydrocarbon types in shale-oil naph- 
thas. Other studies are in progress to determine 
the by-product potentialities of oil shale.” 


For all that private enterprise has, done in 
providing mankind with goods and services, man 
in the mass continues to desert this scheme of 
economy and enter into collective ventures. It 
may be that man is simply stupid. 

Or it may be that industry has 
yet to present its free enterprise 
in attractive style. It does not 
; seem reasonable for men to win 
a war or be fed by the products of capitalism, 
then turn to nationalization. Reasonable or un- 
reasonable, England has a nationalized coal indus- 
try and a shortage of coal. Elsewhere the collective 
venture is expressed by standing in line to get a 
share of insufficient merchandise. 

Perhaps this is the major task for good public 
relations. Properly told, the story of what free 
enterprise has done for mankind should win 
converts. 


Good Job 
To Be Done 


SS, LONG as legislators try to designate the 
instances of reduced spending in government, 
there will be scant reduction in spending. Any ° 
head of a department can give convincing argu- 
ment to justify his anticipated ex- 
penditure. Consequently a congres- 
sional committee simply plays one 
essential against another. 

What the legislators should do is 
to leave ways of lower costs to the heads of depart- 
ments. Just give the departments less money and 
the reduction in expenditure will follow. 

Offices and employes are scattered over the 
whole nation. They occupy more office space and 
have more employes than before the war. A glance 
at what a department spent 10 years ago will give 
any committee a spot for setting up a flag of less 
spending, which will reSult in lower taxes. 


The Way 
To Cut 
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IF YOU WANT QUICK CLEANOUTS 


you've got to have a cleaner that’s right. Both the cutter 
head and motor-hose combination have to work well to- 


























gether—as a team! 


Lagonda engineers carefully work out these combina- 
tions for better cleaning by correlating design theory 


with actual results on special testing units in the Tube " 
Cleaner Research Laboratories at our Springfield, Ohio tc 
plant. A special head testing machine determines the p! 
highest maximum speed at which the particular cutter hy 
head can be driven with the greatest efficiency —that is, 

as fast as possible without wearing down excessively. A “ 
special absorption dynamometer determines how the Di 


motor must perform to team up perfectly with the cutter- S\ 
head. A smoothly coordinated, evenly balanced cleaner la 
combination is the result. 

It takes this combination to conquer the toughest and 
biggest coke cleaning jobs with a minimum of downtime. st 
Fully illustrated and descriptive bulletins tell the story. m 
Write for them today. ne 


ELLIOTT COMPANY 
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Fractionator bank for finishing styrene. 
Dow Chemical Company, Velasco, Texas. 


istillation Properties ot Aromatic Hydrocarbons 


Vapor-Pressure Chart, Improved Critical- emperature 
and Latent-Heat Equations 


JOHN GRISWOLD 
The University of Texas 


J. A. MAY 
Dow Chemical Company, Styrene Division 


‘Tu manufacture of products such as benzene, 
toluene, xylenes, styrene, cumene, phenol, and 
phthalic anyhydride entails fractionation of aromatic 
hydrocarbons. 

Accurate boiling points, vapor pressures (in the 
low range), and latent heats of vaporization lately 
have been released.* These furnish a basis for a vapor- 
pressure chart and a re-examination of correlations of 
some of the properties needed for distillation calcu- 
lations. 

A number of hydrocarbon vapor-pressure charts 
have been developed on coordinate scales of functions 
of log P and reciprocal temperature. The most 
straight-forward method appears to be that of Cox,’ 
modified by Calingaert and Davis.* The latter authors 
noted that the coordinates conformed to the Antoine 
equation, 

log P= A— B/(T+ C) (1) 
where T is “C., and C has the average value of 230 for 
normally-liquid hydrocarbons. 

Recent work on vapor-pressure equations has 
shown that each compound has its own unique An- 
toine equation constants.’ Furthermore, it is seldom 
that a single set of constants accurately represents 
Vapor-pressure data of a compound over the wide 
range from subatmospheric to the critical pressure.” 
It follows that there is no single value of C that can 
be used in a chart temperature scale to provide 
straight lines for a variety of compounds over the de- 
sired wide range. 
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A COX-TYPE vapor pressure chart for Ce to Cio alkylbenzenes 
is developed from the recent Bureau of Standards tables and 
earlier critical constants. 

The constants in Meissner’s equation for critical temperatures 
of halogen- and sulfur-free compounds are evaluated from hydro- 
carbon data, resulting in an improvement of its accuracy. The 
equation with the new constants is, 

Te = 1.374Tp + 76 — r (0.325T, — 74) 

The Kistiakowsky latent heat equation gives improved accuracy 

for alkylbenzenes with the constants, 
(ML/T)» = 8.0 + 5.0 log T> 











Apparently there are high-range vapor-pressure 
data only for the aromatics, benzene, toluene, and 
biphenyl. From unpublished work in this laboratory 
and scattered information in the literature, vapor- 
pressure data of a number of hydrocarbons lie close 
to and usually intersect a straight line drawn be- 
tween the normal boiling point and the critical, on 
the coordinates of log P and 1/T, where T is an ab- 
solute temperature. This corresponds to a value of 
C = 273, with T in degrees centigrade. While the 
average value of C for alkylbenzenes is about 215 for 
the subatmospheric pressure range, the higher value 
is more suitable and near the optimum for the high 
range according to what information is now available. 

The vapor-pressure chart (Figure 1) was con- 
structed on the coordinates of log P and 1/T by plot- 
ting Bureau of Standards’ data from 100 mm. to 1 
atm., and drawing straight lines between the normal 
boiling points and the criticals. The existing high 
range data for benzene’ and for toluene® are shown 
on the chart. The fit of the benzene data is satisfac- 
tory and better than the fit of the toluene data. The 
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TABLE 1 
Comparison of Equations 2 and 3 for Critical Temperatures 
of Alkylbenzenes 
Calculated 
Literature Equation 2 Equation 3 
Se et hiwracietnckhanSeGeee eaegnt 288.5 °C. 290.9 °C. 288.5 °C. 
Toluene...... ead e Piers eae 320.6 326.2 323.2 
RS an ee An tats ohaee 346.0 354.0 350.9 
Gh kn cooheevsG¥ ide ness ok eens 358.3 364.8 361.4 
SE deed Sicoes odbanckebetun 345.7 357.9 354.6 
“RE eee 344.4 356.9 353.7 
See 5 ta cvebak keke a do 365.9 362.5 
n-Propylbenzene......... ha 365.6 378.2 375.1 
oo ee ee eee 362.7 369.6 366.4 
Indene et ee . ; 408.0 404.5 
Propenylbenzene. . . 399.8 396.4 
Mesitylene. . eet 367.0 385.3 382.0 
Hemimellitene. . ‘ shaiae 4 400.0 396.6 
Pseudocumene. . et Pee, es 381.2 391.2 387.9 
o-Ethyltoluene se 385.9 382.7 
m-Ethyltoluene , eo 380.9 : 377.8 
p-Ethyltoluene. . od 381.9 378.8 
<a Sareea : 378.6 393.3 390.3 
0 SE ee ; 377.0 387.0 384.1 
Durene. . . ivtcdeyateedadenseseen 402.5 419.6 416.3 
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NORMAL BOILING POINT,°K 
FIGURE 2 


accuracy for higher aromatics should be of the same 
order. It is estimated that the curves represent the 
unknown vapor pressures to about 1.5 percent of the 
absolute pressure in the high range. Since the rela- 
tive spacing of the curves at the normal boiling 
points and at the criticals is about the same, none of 
the curves cross and the values must be interconsist- 
ent. Such deviations as are present largely offset each 
other when the vapor pressures of the different com- 
pounds are used as ratios, as required for column-plate 
calculations. In view of the above considerations, 
some of the compounds whose boiling points are very 
close to others are omitted so as to give a clearer, 
more easily usable chart. Figure 1 is recommended 
as a good estimation of the nonexistent high-range 
vapor-pressure data. 


Critical Constants 
While the critical points on Figure 1 appear to be 
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of reasonable accuracy, the majority were determined 
more than 59 years ago.‘ Means were sought to eval- 
uate the accuracy or interconsistency of these data. 
While the attempt was but partially successful, it 
resulted in improved constants in the Meissner equa- 
tion for predicting the critical temperature and in the 
Kistiakowsky equation for predicting latent heats of 
vaporization. 

Several correlations of critical temperatures and 
pressures in terms of properties related to molecular 
structure have appeared. Herzog* gave a comprehen- 
sive survey of these to 1944, and presented equations 
of improved reliability for compounds in general. 
Critical Temperatures 

Meissner and Redding™ presented the equation for 
prediction of critical temperature of halogen- and 
sulfur-free aromatics and naphthenes, 

Te =1.41T, + 66 —r (0:383T; — 93) (2) 

where Tp and T- are normal boiling point and critical tem- 
perature (°K) respectively, and r is the ratio of noncyclic to 
total carbon atoms in the molecule. 
This equation should be better adapted to alkylben- 
zenes than others not having the r-term. Assuming 
that the constants are unrelated, data on a minimum 
of 4 compounds are required to evaluate them. 

So that no compound with an irregular relation 
would be included, critical temperatures were plotted 
against normal boiling points for inspection. The 
pure ring compounds (r=0) benzene, naphthalene 
and biphenyl fell on a straight line, and the n-paraf- 
fins (r==1.0) heptane, octane, decane and dodecane 
formed another straight line (Figure 2). Compounds 
having intermediate values of r fell between these 
lines but showed no conclusive regularities of posi- 
tion. With the straight-line relations of Figure 2, 
solution for the constants of Equation 2 gives, 

Te = 1.374 Ty + 76 —r (0.325 Tn — 74) (3) 

Values calculated by Equations 2 and 3 are given 
in Table 1. Although both equations predict high 
values for alkylbenzenes, the values from Equation 3 
are uniformly about 3° C. lower than the values from 
Equation 2. While a set of constants undoubtedly can 
be found to more.closely represent existing data on 
alkylbenzenes it is not deemed advisable to attempt.a 
closer fit until additional modern determinations are 
available. 

Critical temperatures of the 21 additional halogen- 
and sulfur-free liquid compounds listed by Meissner 
were calculated by Equation 3 and are given in 


TABLE 2 


Comparison of Equations 2 and 3 for Critical Temperatures 
of Halogen- and Sulfur-Free Liquids 



































MEISSNERS’ TABLE I 
: Equations 5C & 5D Equation 3 
Litera- 
ture Difference Difference 

Acetone 508.2°K | 497°K —11.2 495.6 °K —12.6 
Acetic Acid 594.8 561 —33.8 560.6 —34.2 
Isoamylformate 576.2 582 + 58 582.7 + 6.5 
Aniline... . ..| 699.2 709 + 9.8 704.2 + 5.0 
n-Butyric Acid 628.2 607 —21.2 608.2 —20.1 
Cyclohexane... coceeel Ge 564 + 9.8 562.4 + 8.2 
re ae ..| 619.4 618 — 14 619.4 0 
Dodecane......... ° .--| 663.7 661 — 2.7 663.7 0 
Ethyl alcohol......... 516.3 519 + 2.7 518.7 + 2.4 
Triethylamine. .... Bsa 535.2 532 — 3.2 530.8 — 44 
Ethylbutyrate........... 566.2 563 — 3.2 564.2 — 2.0 
Ethylpropylether..............| 500.6 502 + 14 501.3 + 0.7 
1-Methylisopropylbenzene. .. 651 665 +14 663.9 +12.9 
3-Methyl-1-butene. ..... beee 464.5 460 — 4.5 457.9 — 6.6 
Methyl alcohol. ...... ..| 518.2 505 — 82 504.5 — 8.7 
Naphthalene... .... 5 | 749.7 759 + 9.3 750.9 + 12 
Octadecane.............. 763.7 769 + 53 774.0 +103 
SS SAA nce évca 0 810 + 88 800.4 — 08 
Diphenylmethane......... 802.2 810 + 78 802.7 + 05 

i REE RTS : 692.2 708 +15.8 701.5 + 938 
Trimethylbenzene (Durene). . 675.5 692.78 +17.2 689.4 +13.9 

® Reported as 682° in original reference. 
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Table 2. Although a number of the literature values 
are undoubtedly inaccurate, it is apparent that Equa- 
tion 3 represents a marked improvement for hydro- 
carbons, a substantial improvement for benzene de- 
rivatives, and about the same accuracy as Meissner’s 
equations for other types of halogen- and sulfur-free 
liquid compounds. 
Critical Pressures 
Several correlations have appeared that have not 
yet been compared for predicting critical pressures 
of alkylbenzenes. Among the most recent is one by 
Meissner and Redding” in terms of critical tempera- 
ture and critical volume, and one by Gamson and 
Watson’ for hydrocarbons only, by comparison with 
the critical pressures of n-paraffins having the same 
number of carbon atoms. Although they have not 
been recommended for this purpose, certain correla- 
tions based on corresponding states include and may 
be solved for critical pressure when everything else 
is known. For example, Othmer” gave the equation 
for correlating latent heats and vapor pressures, 
which may be written 
log P, = (log P’.) [ao aa 
(ML)’T. (4) 
where P, is reduced pressure, Te is critical temperature 
(°K or °R), ML is molar latent heat of vaporization (at the 
same reduced temperature for both compounds), and the 
primed quantities are for a reference substance that may 
be water. 
Equation 4 is solved readily for critical pressure 
(P.=—P/P,) for any compound, knowing only the 
critical temperature and the latent heat at the nor- 
mal boiling point. 
Critical pressures for alkylbenzenes calculated by 
the three correlations above are given in Table 3. 
Watson’s correlation is the most accurate for this 
series of compounds although it does not account for 
the position and configuration of alkyl groups on the 
benzene ring. Othmer’s correlation gives values up 
to several percent high, but within the general accu- 
racy of correlations based on corresponding states. 


Latent Heats 
The Kistiakowsky equation, 
(ML/T)» = 8.75 + 4.571 log Tp (5) 
where T is in ° Kelvin, 
predicts molar latent heat at the normal boiling point 
of a wide variety of nonpolar liquids with an accu- 
racy usually within 3 percent." This equation was ob- 
tained from, 
ML=VInV 
where V is molar volume at 1 atmosphere, by substituting 
RT, for V. 
TABLE 3 


Comparison of Critical Pressure Correlations for 
Values of Alkyibenzenes 





(Pressures in mm Hg 
CALCULATED 
Literature Meissner Watson Othmer 
Benzene.... 36,252 33,600 36,700 37,160 
Toluene ‘ 31,616 29,320 31,210 33,630 
Ethylbenzene.... 28,956 25,890 27,310 30,800 
o-Xvlene.... | 28,044 26,400 27,310 31,020 
m-Xylene | 27,208 26,060 27,310 29,720 
Xylene 26,600 26,010 27,310 29,660 
Styrene . 27,600 27,310 
n-Propylbenzene 24,548 23,180 24,320 27,870 
Cumene 24,472 22,860 24,320 29,390 
Indene 27,860 
Propenylbenzene 24,910 24,320 
Mesitylene 25,232 23,410 24,320 26,470 
Hemimellitene 23,940 24,320 
Pseudocumene 25,232 23,630 24,320 28,270 
o-Ethyltoluene 23,470 24,320 
m-Ethyltoluene 23,280 24,320 
p-Ethyltoluenc. . . 23,370 24,320 
o & p-Cymene 21,736 20,620 22,250 25,220 
Isobutylbenzene 23,637 20,430 22,250 24,130 
Durene 21,736 21,540 22,250 25,120 
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If the constants of Equation 5 are regarded as empiri- 
cal and are evaluated from experimental data, a con- 
siderable improvement in accuracy is obtained. The 
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latent-heat data for alkylbenzenes are plotted on 
Figure 3 as ML/T versus Ty), in conformance with 
Equation 5 which is the dashed line. The solid line 
drawn so as to include benzene and toluene has a 
slope of 5.0 and an intercept of 8.0 giving, 


(ML/T)» = 8.0 + 5.0 log Tp (6) 


Equation 6 reproduces the Bureau of Standards 
values for latent heats of alkylbenzenes with discrep- 
ancies ranging from + 0.59 percent for p-xylene to 
—0.49 percent for mesitylene. It is generally less 
accurate than Equation 5 for hydrocarbons other than 
alkylbenzenes. Latent heats at pressures other than 
1 atmosphere may be estimated to within 5 percent 
or better by any of the correlations based on corre- 
sponding states that involve these properties.?® * 
13,15 Watson’s equation in terms of reduced tempera- 
ture only is particularly convenient, 

1— T, 


0.38 
1— Tr ] (7) 


where L and T; are taken at one temperature, and L; and 
[1 are taken at another temperature. 


L/L, = 





Equation 6 may be used to obtain one of the laten’ 
heat values. 
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Custom Building Lubricants 
With Additives 


F. L. MATTHEWS, Research Department, Monsanto Chemical Company 


, art of compounding lubricants is undoubtedly 
old, very probably dating back to the first rudimen- 
tary wheels and axles when ingredients were blended 
with the proper incantations—a practice which has 
not wholly fallen into disuse. The science of compound- 
ing lubricants with additives is relatively new, and 
the body of knowledge affecting it is still far from 
complete. 

The essential problem in lubrication is one of find- 
ing a lubricant permitting the most economic func- 
tioning of a mechanical device; i.e., maximum effi- 
ciency and minimum maintenance. So far there have 
been two major approaches to the broad general 
problem of lubrication and the many _ special 
problems. 

There has been the fundamental scientific attack 
which seeks to define the variables involved in lubri- 
cation, to isolate each of these variables, and to study 
means of affecting the individual variables. This 
method has been followed primarily in the physical 
laboratories where the attempt still continues vigor- 
ously to define the functions of a lubricant and study 
the effect of the variables on such functions. 

The second method of attack is based on the neces- 
sity of having a day-to-day series of practical lubri- 
cants available for use. The methods of this type of 
attack have been dictated by the problems arising in 
the field, and have largely consisted of attempts to 
find means of simulating field conditions on a reason- 
ably small scale. In this method of attack, attempt is 
made, not to study each variable in the absence of all 
others, but to control‘all variables at a constant level 
and then change one to determine its effect. This type 
of attack is, therefore, basically more complex and 
less easy to interpret than a fundamental physical 
study of the properties of lubricants. The absolute 
control of all the variables is difficult, if not impos- 
sible, in dealing with complicated machinery. Further- 
more, the problem of defining field conditions is ma- 
jor, and must be faced in each case, because field- 
service record is the final criterion. In this paper an 
attempt will be made, using crankcase and hypoid- 
gear lubricants as an example, to show some of the 
techniques recently used employing the “immediately 
practical” rather than the fundamental method of 
approach to secure compounded lubricants of value 
in the field. Particular emphasis is to be placed on dif- 
ferences in performance encountered in treating a 
wide variety of base stocks. 


Practical Study 
In the “practical” study of how to make lubricants 
work, several functions have been isolated. To name 
a few: 
1. Ability to flow at low temperature. 
2. Resistance to deterioration. 


a Resistance to the tendency to corrode hard-alloy bear- 
ings in the case of crankcase oils. 
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A FUNDAMENTAL scientific approach to the variables in- 
volved in lubrication has been followed in the physical laboratories, 

where the effort still continues vigorously. Necessity for a day-to- 

day series of practical lubricants has led to experimental study, 
along much different lines, of how to make lubricants work. In this 
paper an attempt is made, using crankcase and hypoid-gear 
lubricants as examples, to show some of the techniques recently 
| used employing the immediately practical rather than the funda- 
| mental method of approach to secure compounded lubricants of 
value in the field. 

The text of this paper is similar to material presented by the 
| author in a talk before the Texas-Louisiana-Gulf section of the 
| American Chemical Society in Port “Arthur recently, and the 
| illustrations have been made from slides shown at that meeting. 





4. Resistance to ring-zone deposits and engine deposits 
generally in the case of crankcase oils. 


5. Resistance to extreme pressure conditions, 
6. Resistance to wear. 
All of these functions must be performed without 


loss of intrinsic lubricating ability. To meet these 
conditions the modern compounder of lubricants has 
available chemical materials developed to improve 
each one of these properties. He, generically, has 
available a wide selection of base stocks arising from 
different sources of crude and different techniques of 
refining. With these a wide variety of finished lubri- 
cants may be prepared. In the particular blender’s 
case, however, the variety of base stocks from which 
selection may be made is usually somewhat restricted. 

In order to secure lubricants of practical economic 
value by the proper interpretation of test results, it 
must be borne in mind, however, that the use of addi- 
tives and their performance is not by any means inde- 
pendent of base stocks. 

Different base stocks arising from different crudes 
and processed by different refinery techniques would, 
of course, be expected to show some difference in per- 
formance and additive response. Response, however, 
may be quite critical even with relatively minor re- 
fining differences if the lubricant sought is the most 
economic formulation. It has been found impossible 
to generalize on the performance of an additive from 
one base stock to another except within certain 
limits. It is possible to say that if the usually recom- 
mended dosage of additive is employed certain levels 
of performance will be met. These barely may be met 
or exceeded. To determine the proper balance for a 
given base stock requires investigations that in- 
creases in cost with precision. The amount of infor- 
mation collected in a given case, therefore, must be 
balanced economically. 


Cold-Flow Property of Oils 
As a first case in the survey of “practical” approach 
to lubricant function and the compounding of lubri- 
cants, let us consider the cold-flow property of oils. 
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Field results have shown modern oil sometimes thick- 
ens or solidifies at impractically and embarrassingly 
high temperatures. Control of this property, aside 
from the viscosity effect, can be exercised by selection 
of crude and by vigorous dewaxing. This, however, is 
expensive and the individual blender having available 
only certain base stocks, must make them work. This 
can be accomplished conveniently and economically 
by means of pour-point-depressant additives. 
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FIGURE 1 
Variation in pour-point-depressant with base stock. 


Many laboratories have engaged and are engaged 
in evaluating the cold-flow properties of compounded 
oils. Several methods of evaluation have been pro- 
posed for which varying degrees of correlation with 
field results have been claimed. If we take the ASTM 
pour-point method as exemplary of these (although 
this, admittedly, does not give a complete answer on 
the field stability of compounded oils), we can ex- 
amine variation in base stock response. 

Figure 1 shows a plot of ASTM pour points vs. 


el 


pour-point-depressant concentration for several base 
stocks. It can be seen that, if sufficient pour-point 
depressant is used, almost all oils can be brought to 
a satisfactory ASTM pour-point, but the same con- 
centration may produce widely different pour-points 
in different base stocks. Each of the proposed labora- 
tory methods of evaluating pour-point-depressant re- 
sponse shows variability from base stock to base 
stock as do field results themselves. 

Since the existing laboratory evaluation methods 
have either been criticized as to validity or are as yet 
not sufficiently substantiated by field data secured 
over a long period, heavy dependence must be placed 
on field results. 

In the case of compounding lubricants with pour- 
point depressants, therefore, broad generalization on 
additive performance is limited by both testing tech- 
nique and base-stock response variation. However, 
experience has shown it possible, on the basis of ex- 
tensive field testing and laboratory work, ‘to recom- 
mend concentrations of additives for groups of base 
stocks with reasonable assurance of meeting certain 
minimum requirements. The optimum point, or point 
of ultimate economic balance, is obtainable, however, 
only by extensive testing of a give additive—base- 
stock combination. 


Prevention of Deterioration 


The problem of prevention of deterioration of oil 
in an engine and the prevention of bearing corrosion 
is old. Much can be done towards minimizing the 
problem by proper selection of crudes and refinery 
techniques. However, ultimately the blender is con- 
fronted with the problem of making the finished 
stocks available to him work satisfactorily. This can 
be done usually only with an inhibitor. Field experi- 
ence has broadly defined the problem, and field tests 
still represent the final evaluation. However, many 
laboratory and engine tests have been devised to 
evaluate corrosiveness and stability of oils without 
the expense of elaborate field trials. Correlation of 
these tests with field performance has been of varied 
success. During the recent war the United States 
Army Ordnance Department was confronted with the 
problem of selecting suitably non-corrosive and stable 
oils on a truly massive scale. Through the cooperative 
effort of the CRC, (Coordinating Research Council) 
the 36-hour Chevrolet test (CRC L-4-545) finally was 
selected as the best available tool for such evaluation. 





FIGURE 2 


Bearings from L-4-545 Chevrolet tests. Left: Straight oil, no additive; Center: Base-oil A with 0.75 percent inhibitor X; Right: Base oil B with 0.75 


percent inhibitor X. 
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Qualification under Army Specification 2-104A and 
2-104B was based partly upon this test. 

There may be some comment that meeting the 
requirements of the above specification may be too 
severe a test for ofdinary civilian use. However, it 
should be noted that, in Army experience, oils satis- 
factorily meeting the above requirements were uni- 
formly satisfactory in the field. Any error inherent in 
this criterion was, therefore, on the conservative side, 


The resistance to deposition of sltidge and lacquer, 
particularly in the ring zone, in both spark- and 
compression-ignition engines is an important criterion 
of long operation between overhauls and of efficiency 
of operation. The ability of an oil to keep products 
of oil deterioration in suspension, promoting engine 
cleanliness, commonly is defined as the “detergency” 
or “dispersancy” property of the oil. Again, careful 
selection of crudes and refining techniques can pro- 





, FIGURE 3 
Pistons from L-4-545 Chevrolet tests. Left: Straight oil; Center: Base oil A with 0.75 percent inhibitor X Right: Base oil B with 0.75 percent inhibitor X. 


and additive oil satisfactorily passing the Chevrolet 
test can be considered to be of minimal corrosive- 
ness and good stability. 

Passing to the results of some of these tests, Figure 
2 shows three copper-lead bearings from Chevrolet 
tests. The darkest one of the bearings is from a test 
run on a good base oil coritaining no inhibitor and 
showed excessive weight loss. The other two bear- 
ings are from tests on two different base oils contain- 
ing the same amount of inhibitor. The middle bear- 
ing showed acceptable weight loss within the normal 
wear range. The slight discoloration is interpreted to 
be indicative of minimum passable inhibitor concen- 
tration. By contrast, the third bearing, while showing 
no significantly lower weight loss, is completely free 
of discoloration retaining its “new bearing appear- 
ance” and indicating outstanding quality. 

Roughly the same gradations in quality are encoun- 
tered in examination of varnish deposits on pistons 
used in the Chevrolet L-4-545 test. Figure 3 again 
shows a blank oil compared with two different base 
stocks containing the same inhibitor concentration. 
The center piston would be considered a minimal pass 
for a present premium oil. The one on the right, is, 
of course, an outstanding oil. 

The variation in performance from base stock to 
base stock again limits generalization. However, an 
inhibitor capable of showing marked improvement in 
bearing corrosion and stability in some stocks will 
always show some improvement even in the most re- 
fractory bases. Moreover, again it is possible to set 
recommended concentrations for groups of base stocks 
which assure at -least minimum performance The 
exact level of performance desired and securable as 
well as the economic balance are still the subjects 
for considerable testing of a given base stock-additive 
combination. 
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duce relatively clean-running straight oils. However, 
abundant field data have shown that for heavy-duty 
performance additive-compounded oils are required, 
and for medium-duty performance, are desirable. 

In evaluation of “detergency,” also, the war ex-' 
perience of the Army and the cooperative work of 
CRC, led to the.selection of the Caterpillar 500-hour 
test, CRC L-1-545, as a criterion. Again broad mili- 
tary experience showed oils passing this test to have 
satisfactory detergency properties in the field. The 
exact amount of such “detergency” required in 
civilian vehicles is being determined by service study 
in the field with the L-1 test remaining as the major 
criterion of such performance short of the actual 
field tests themselves. 

Figure 4 shows two pistons from Caterpillar L-1- 





FIGURE 4 


Pistons from L-1-545 Caterpillar tests. Left: Base oil C with 3.25 percent 
additive Y; Right: Base oil D with 3.25 percent additive Y. 
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FIGURE 5 


Pistons from Lauson detergency tests. Left: Poorer reference oil—rating 90; Center: Intermediate oil (borderline 2-104B detergency)—rating 92; 
Right: Uppr reference oil—rating 94. 


545 test run with the same additive concentration in 
two different base stocks. One represents a border- 
line failure for 2-104B performance on piston-skirt 
lacquer and ring-groove carbon. The other represents 
a clear pass. This again illustrates variability of base 
stock response and gives rise to the usual problem of 
how to determine the optimum. 

Because the L-1 test is lengthy, expensive and 


100- 


95 9 








$ 


DETERGENCY RATING 
Qa 
re 


80 - 





7% Y r r T 
1 2 3 4 


PERCENT DETERGENT 4 VOLUME 


FIGURE 6 
Base-stock response to detergent treatment. 2 





v4 


essentially of the “go—no go” type and because of 
the several possible “detergency” levels required in 
passing from heavy-duty to light-duty service, it has 
been found necessary to develop a reasonably precise, 
shorter and cheaper means of evaluating oils for 
detergency. For this purpose it has been found that 
the single-cylinder Lauson engine run under strictly 
controlled conditions correlates well with the L-1 
test and therefore with the field. This test has been 
used for extensive investigation of base-stock re- 
sponse to detergents. 

It is worth noting, in passing, that this Lauson 
test differs considerably from those previously re- 
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ported. Extreme precision in control of dimensional 
tolerances and operating temperatures is required. 
Each series of three test oils in each engine is 
bracketed between two reference oils, one of out- 
standing L-1 performance and one of slightly less 
than passing 2-104B L-1 quality. As well, the same oil 
is run in at least two Lauson engines—or more—until 
satisfactory checks are obtained. The detergency 
rating so obtained is on a 0-100 scale with 100 repre- 
senting a clean piston skirt. 

Figure 5 shows three such Lauson pistons. One 
piston is from the poorer reference oil, one the better 
reference oil and one a test oil of about borderline 
2-104B L-1 passing characteristics. Using this tech- 
nique the data given in Figure 6 have been assembled 
on base-stock response. 

In the case of detergents, as in the case of in- 
hibitors, although satisfactory test techniques are 





FIGURE 7 
Pinion gear from L-20-545 axle test. Base oil E with 17.25 percent 


additive Z. 
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available, correlating well with the field, generaliza- 
tion on performance is limited by base-stock response. 
However, as can be seen, it is possible for a group 
of base stocks, to recommend dosages which will 
assure the meeting of minimum requirements for 
either medium-duty or heavy-duty service. The deter- 
mination of the precise point of economic balance, 
aside from the problem of defining “medium duty,” 
is dependent on the testing of a given additive-base 
stock combination. 


Gear Lubricants 

In the case of the compounding of gear lubricants, 
field requirements have imposed conditions of from 
mild oiliness to extreme pressure resistance on lubri- 
cants, depending on the type of gear and the nature 
of the service. Before the war much emphasis was 
placed on hypoid lubricants meeting U. S. Govern- 
ment VVL-761 Specifications for extreme-pressure 
lubricants. This was one case where variation in base 
stocks was of minor importance with several com- 
mercial additives available which, at their recom- 
mended dosages, enabled almost all base stocks to 
meet the deceleration test. This specification was 
taken over almost bodily into U. S. Army 2-105 and 
2-105A Specifications with uniformly satisfactory re- 
sults on lubricants so procured. 

However, it was also realized that more emphasis 
might be placed on the wear-resisting properties and 
low speed-high torque performance of hypoid lubri- 





FIGURE 8 


Pinion gear from L-20-545 axle test. Base oil F with 17.25 percent 
additive Z. 


cants. To this end, by the cooperative effort of the 
CRC, the modified U. S. Army Specification 2-105B 
was developed and issued, including the CRC L-20- 
545 test for low speed-high torque characteristics. 
Figures 7 and 8 show two pinion gears from a 
CRC L-20-545 test on the same additive concentra- 
tion in two different base stocks. One is a clear pass 
showing only a light polish. The other shows a 
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definite “fish scale” or ripple and would fail. To 
illustrate a further criterion of failure on this test, 
Figure 9 shows a ridged pinion gear. 

Once again base-stock response is shown to be 
variable and generalization limited. However, at the 
recommended dosages, a group of related base stocks 





FIGURE 9 
Base oil G with additive H. 


show essentially the same performance and would 
be approved.under Specification 2-105B. The ultimate 
economic balance again would require extensive test- 
ing of a given additive-base-stock combination. 


Summary 

In the above outline a review has been made of 
some of the methods of evaluating crankcase and 
hypoid-gear lubricants with particular attention to 
requirements for matching additives and base stocks. 
It has been pointed out that the determination of the 
economic optimum additive dosage to meet a given 
performance level is complex even in those cases 
where the performance level is clearly defined in 
terms of readily accessible semi-large or laboratory 
tests. However desirable it might be to determine 
precisely the point of economic optimum additive 
dosage in each case, such a program requiring such 
extensive testing on a particular additive-base stock 
combination is very expensive and would contribute 
materially to the cost of the finished lubricant. This 
cost, therefore, must be balanced against the gain 
due to adjustment of dosage. 

The examples cited above could be amplified by 
addition from many other fields of lubrication as well 
as by other additions from the field of crankcase and 
gear lubricants. In all cases, the problem of custom 
building lubricants with additives follows the same 
pattern: 

1. Defining the functions to be modified. 

2. Establishing the cost-performance level desired. 

3. Establishing the economic additive dosage with 
the least cost of testing justified by the particular 
problem. 
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Simplified Charts for Petroleum 
Process Calculations 


EDWARD G. SCHEIBEL, Hoffman-La Roche, Inc. — 


# THE study and design of process equipment, 
the chemical engineer has at his disposal three funda- 
mental relationships. These consist of (1) material 
balances, (2) vapor-liquid equilibrium conditions, 
and (3) heat balances. 

The material balance is self-evident and requires 
only that every quantity of material entering a unit 
must appear in some manner or form in the products 
leaving the unit. The other two relationships require 
a large number of charts of data in order to carry out 
the calculations on petroleum process equipment. 
While it is tedious and time-consuming to refer to all 
these charts for the necessary calculations, it is pos- 
sible to keep such a data book in the office. It is, how- 
ever, particularly inconvenient for an engineer in the 
field to continually carry a large cumbersome data 
book with him for these calculations. Thus, a method 
has been developed for representing all the necessary 
data for the vapor-liquid equilibrium and_heat- 
balance calculations on a minimum of three charts. 
This has been done by representing the data as nomo- 
graphs on which it is possible to represent a single 
curve by two lines and a point, a family of curves by 
three lines, or several families of curves by the 
appropriate number of lines. 


Vapor-Liquid Equilibrium 


The vapor-liquid relationship gives the vapor and 
liquid concentrations in equilibrium at different tem- 
peratures and pressures. With the exception of the 


hydrocarbons, these data on mixtures containing 
more than three components are virtually non- 
existent. The reason is that the mixtures of the 


hydrocarbons are very nearly ideal and the data can 
be represented by a simple relationship, whereas in 
the case of a non-ideal mixture of more than three 
components, the data cannot be represented in a 
simple manner. 

In an ideal mixture, the partial pressure of anv 
component is proportional to its concentration and 
independent of the composition of the balance of the 
mixture. This is known as Raoult’s law and may be 
expressed as 


p P. x 
= partial pressure of the component in the vapor. 
x = mole fraction of the component in the liquid. 


In this relationship, P, is the proportionality con- 
stant, however, it can be seen that the partial pres- 
sure of the pure component, i.e., when x = 1, is equal 
to this proportionality constant. Thus Pe is the 
vapor pressure of the pure component at the given 
temperature. 
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_ By Dalton’s law, P= =p, and by Avogadro’s law it 
is possible to express the partial pressure of a com- 
ponent as the fraction of the total pressure in terms 
of the concentration in the vapor, and thus 
— P. 
iu Lag 


y = mole fraction of component in vapor 
P = total pressure of vapor. 


At a given temperature and pressure, the ratio of 
P./P is a constant and is known as a K-value. 


y = Kx 


The deviations from Raoult’s law and the perfect- 
gas laws frequently are appreciable, particularly at 
pressures above atmospheric, and thus the K-value 
may be more accurately defined as the ratio of the 
fugacity of the liquid to the fugacity of the vapor.’ 
In its application, however, it is considered to vary 
only with temperature and pressure. 

The K-values of the different components generally 
are represented on separate graphs showing either 
the variation with temperature at different pressures 
or the variation with pressure at different tempera- 
tures.’ Thus, in order to apply these K-values to the 
calculations on mixtures containing numerous differ- 
ent hydrocarbons, it is necessary to refer to as many 
different graphs. This is time-consuming even if all 
the necessary charts are at hand. 

Recently a nomograph was developed which pre- 
sents the K-value data for all the normal paraffin 
hydrocarbons from methane to tetradecane and also 
ethylene, propylene, isobutane and isopentane.® This 
nomograph is shown in Figure 1. A straight edge is 
placed on the nomograph to pass through the given 
temperature on the extreme-right-hand scale and the 
given pressure on the extreme-left-hand scale. The 
K-1 ralues for all the different components at these 
conditions can then be read on the appropriate inter- 
mediate scales. Thus, all the desired K-values can be 
determined immediately by a single setting on the 
nomograph. 

The nomograph was developed empirically by cali- 
brating the temperature scale according to logarithm 
of the liquid fugacity of n-pentane and calibrating the 
pressure scale according to the logarithm of the 
vapor fugacity of n-pentane. If the vapor fugacity 
were independent of temperature, the K-value scales 
would be straight lines and logarithmically cali- 
brated. It is possible to compensate for the deviations 
by locating the component scales empirically, and the 


‘results are the curves shown in Figure 1. For tem- 
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FIGURE 1 
Nomograph for Equilibrium Constants of Hydrocarbons. 
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peratures up to 300° F. and pressures between 10 and 
300 psia, the values given by the nomograph agree, 
within an accuracy of 2 percent, with the calculated 
K-values. Temperatures and pressures above these 
values are close to the critical region for most of the 
components, where the K-values vary with composi- 
tion and chemical nature of the other components. 
Thus, the K-values in this region are uncertain unless 
based on experimental data on the actual mixture. 
The nomograph agrees with the calculated K-values 
to within 10 percent in this region but the uncertainty 
of the calculated K-values is even greater than this. 
The limitations of the calculated K-values are dis- 
cussed by Dodge.’ 


Heat Balances 


The heat entering any system must equal the heat 
leaving. This must include the heat contents of the 
streams entering and leaving the system as well as 
heat applied externally as a reboiler duty, or removed 
externally as a condenser duty. 

The heat content or enthalpy of a mixture depends 
on the composition of the mixture, In the case of an 
ideal solution, there is no heat of mixing, so the 
enthalpy of the liquid mixture is equal to the sum of 
the enthalpy of the individual components at their 
given concentrations. Since the mixtures of hydro- 
carbons are considered nearly ideal, the enthalpy of 
a liquid mixture thus can be calculated. 

The enthalpy of gaseous mixtures can be calculated 
similarly; however, an attempt to determine the 
enthalpy of each component at the total pressure on 
the system leads to some impossible conditions where 
the particular component could not exist as a vapor 
at the total pressure. Using the enthalpy of compo- 
nents at their partial pressures also does not give the 
proper enthalpy of a gaseous mixture. The best 
method for calculating the enthalpy of a gaseous 
mixture is to determine the enthalpy of the mixture 
at zero pressure as the total of the different compo- 
nents, and correct this value for the isothermal effect 
of pressure. Kay* has proposed the concept of a 
pseudo-critical temperature and pressure by which it 
is possible to determine this effect of pressure from 
general correlations. The isothermal effect of pres- 
sure on the enthalpy of a mixture is the same as for a 
pure component having a critical temperature and 
pressure equal to the pseudo-critical temperature and 
pressure of the mixture. It has beén found that the 
pseudo-critical constants are very nearly equal to the 
molal average of the critical constants of the com- 
ponents of the mixture. 

The enthalpy of the normal saturated hydrocarbons 
at different temperatures and pressures are usually 
represented on separate charts and in order to calcu- 
late the enthalpy of a liquid or gaseous mixture by 
the previous method, it is necessary to refer to all the 
different charts. The nomograph shown in Figure 2 
was developed to present the enthalpy of the pure 
vapor and liquid on a single chart.’ The datum en- 
thalpy is liquid at —200° F. The nomograph was 
based on a general correlation of specific-heat data 
and a general correlation of pressure-volume-tempera- 
ture data of hydrocarbons.’ It was found that when 
the vapor enthalpy of a hydrocarbon was plotted as a 
straight line against an empirical temperature scale, 
the enthalpy of all other hydrocarbons were very 
nearly straight lines when plotted on the same scales. 
It also was found that the pressure was a linear 
function at a constant enthalpy when plotted against 
this empirical temperature scale. The nomograph 
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was constructed by calibrating the temperature scale 
according to the previous empirical function and cali- 
brating the pressure scale uniformly. The vapor- 
enthalpy scales were located empirically for all the 
different normal paraffin hydrocarbons. 

Thus, when a straight edge is placed on the nomo- 
graph so it passes through the given temperature on 
the extreme-right-hand scale and the given pressure 
on the extreme-left-hand scale, the enthalpy of the 
pure vapors are given on the appropriate component 
scales. The enthalpy of the pure liquids can be ob- 
tained by placing the straight edge so it passes 
through the given temperature point and the focal 
point at the upper-left-hand side of the nomograph. 
The enthalpy of the pure liquid up to 50° F. below 
its critical temperature can be determined on the 
component scales above the dashed line. When the 
component is present in the liquid at within 50° F. 
of its critical temperature, or above, it can be con- 
sidered as an absorbed gas, and the enthalpy is given 
below the dashed line. The heat of absorption varies 
with concentration and the enthalpy values given by 
these scales correspond to the variation encountered 
in practice. 

The nomggraph reproduces the original enthalpy 
charts almost within the precision of their construc- 
tion and certainly within the limits of accuracy of the 
basic correlations. : 

The componential enthalpy made up as previously 
described is very tedious, and several such calcula- 
tions must be made for each heat balance. It is pos- 
sible to relate the enthalpy of the mixtures to the 
molecular weight because this property of the mix- 
ture is a definite function of its composition. The cor- 
relation is based on the normal saturated hydro- 
carbons, and since the mixtures encountered in prac- 
tice usually contain some unsaturated compounds 
and some isoparaffins, this is only an approximate 
relationship. In the absence of more specific data, 
it is usually considered sufficiently reliable for engi- 
neering purposes. 

The nomograph shown in Figure 3 represents the 
correlation of enthalpy with molecular weight of the 
mixture.’ Inspection of Figure 2 indicates that the 
lines of constant enthalpy in the lower right corner 
would be practically vertical and almost parallel to 
the lines of constant molecular weight. Thus, in this 
region the enthalpy of the mixture would be very 
sensitive to the molecular weight and could not be 
read very precisely. The precision could be greatly 
improved by adjusting the datum enthalpies of the 
different hydrocarbons so the lines of cdnstant 
enthalpy at the center of the figure will be straight. 
These datum enthalpies were chosen so they are 
additive for components heavier than propane. This 
was determined by plotting the enthalpy of the 
hydrocarbons at the datum temperature of —200° F. 
against the reciprocal of the molecular weight. The 
curve was straight over the range from octane to 
propane ; however, it was necessary to allow a slight 
curvature for ethane and methane. The choice of any 
datum enthalpy would cancel in any heat balance 
because the material balance on the unit requires 
that the same quantity of components appear in the 
streams both entering and leaving the system, and 
the net heat effect is the difference between their 
enthalpies, The additive datum enthalpies may deviate 
slightly from the enthalpy of the mixture of the cor- 
responding molecular weight given on the upper 
horizontal scale of Figure 3, however this is of minor 
significance because even if the enthalpies were 
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FIGURE 2 
Enthalpy Nomograph for Pure Hydrocarbons. 
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chosen to be additive at —200° F., they would not 
necessarily be additive at other temperatures. Thus, 
the nomograph in Figure 3 is not theoretically exact’ 
but the correlation with molecular weight is simple 
and can be considered of syfficient accuracy for most 
process-design calculations. 

The isothermal effect of pressure on enthalpy has 
béen calculated from data for several mixtures of 
gases and the values determined from the nomograph 
have been found to agree with the observed values 
within the accuracy of the original data. Thus, the 
most accurate method for determining the enthalpy 
of a mixture of saturated hydrocarbons would be to 
calculate the enthalpy at zero pressure from Figure 2, 
as previously described, and correct this enthalpy for 
pressure according to the values determined from 
Figure 3 at the average molecular weight of the 
mixture. 


Application of the Nomographs to Process 
Calculations 


The use of these nomographs can be demonstrated 
by carrying out a few of the calculations on the 
debutanizer shown in Figure 5. Table 1 gives the 
material balance on the column. 




















TABLE 1 
FEED OVERHEAD BOTTOMS 

m/hr. M.W. # /hr. m/hr. # /hr. m/hr. # /hr. 

NE 1.0 44 44 1.0 RAs ae 
Ca. 40.0 58 2320 39.4 2285 6 35 
Cs. 23.0 72 1656 A 29 22.6 1627 
Ce.. 16.0 86 ES PRS ae Mae 16.0 1376 
Cr.. 12.0 100 1200 12.0 1200 
8.0 114 910 8.0 910 
100.0 7506 40.8 2358 59.2 5148 
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Petroleum mixtures having average molecular 
weights of 80 or more usually contain appreciable 
quantities of aromatic compounds which affect the 
average enthalpy. Thus, the correlation based on the 
normal saturated paraffins would not be reliable. For 
these higher-boiling mixtures, the specific gravity is 
a better basis for the correlation of the enthalpy than 


molecular weight. Figure 4 shows the nomograph . 


constructed similar to Figure 3 but showing lines of 
constant API gravity of the mixture. The nomograph 
is based on the data for an oil having a characteriza- 
tion factor of 11.8. The nomograph would be slightly 
different for other oils, however, the data on other 
oils are not very complete. The previous oil repre- 
sents an average of the different crude oils encoun- 
tered and thus this chart may be used for general 
application without serious error. 
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The tower is to operate at 100 psia pressure and 
the the feed is to be preheated: to 220° F. before 
entering the tower. The unit is to be designed for a 
cold external reflux ratio of 3:1. 

The equilibrium flash on the feed is calculated by 
a trial-and-error method of assuming a ratio of L/V 
and calculating the quantity of each component in 
the vapor by the relationship: 


v= a 
VK +t 
where f= moles of a component in feed 
K = K-value of component at given temperature and 
pressure 
L= total moles of liquid 
V = total moles of vapor 
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The total liquid is obtained by adding up the total 
vapor and subtracting from the total feed. 






































Assume : me 
=2 —=3 
v v 
220 °F. L L LIQUID 
f K -— Vapor | pea 
m/hr 1001b VK v VK v Ib./hr. | m/hr. | tb./hr. 
Ca. 1.0 4.5 445 7 666 6 26 A 18 
C4 40.0 1.96 1.02 19.8 1.53 15.8 916 24.2 1404 
Cs.. 23.0 93 2.15 7.3 3.23 5.4 388 17.6 1268 
Ce.. 16.0 45 4.45 2.9 6.66 2.1 180 13.9 1196 
Cr. 12.0 21 9.53 1.1 14.3 8 80 11.2 1120 
Cs 8.0 105 19.05 4 28.6 3 34 7.7 876 
100.0 V= 322 V= 25.0 1624 75.0 5882 
L= 67.8 L= 75.0 | 
| L/V= 2.10 L/V= 3.00 | 





The first trial L/V of 2 gave a calculated value of 
2.10. This indicated that the assumed value was too 
low and the second trial of 3.0 checked exactly with 
the calculated value. 

The bubble point of the overhead is also deter- 
mined by trial and error, assuming a temperature and 
checking the K-value of ~m. The pressure drop in 
the condenser is taken as 10 psi so the pressure tn the 
reflux drum will be 90 psia. 





' . . : . 
135° F. 
Overhead ‘ 

m/hr. 90 Ib. mh 
Cs 1.0 | 2.6 2.6 
C4 39.4 96 37.8 

Cs 4 36 
40.8 40.5 


The total of 40.5 checks the 40.8 moles of overhead 
so the temperature of the reflux drum will be 135° F. 
The temperature of the top tray vapor is deter- 
mined by the dew point of the overhead product at 
100 psia. This is also determined by trial and error, 
assuming a temperature and checking the =v/K value. 





PROPERTIES OF 





| 
| Ms°F. | TOP TRAY LIQUID 
Overhead kK | - 
m/br. | 1001. | = ¥/K Lbs. M. W. 
Re 1.0 | 26 | 4 
Cs | 39.4 100 | 39.4 2285 
Cs 4 38 | 1.0 72 
40.8 | 40.8 } 58.3 -_ 


Based on these temperatures, it is possible to calcu- 
late the condenser duty from the heat balance on the 
condenser. The enthalpy values are determined from 
Figure 3. 


m/hr. | M.W. | tb./hr. | Temp. | Press. | Btu/lb. | Btu/hr. 





Heat In: 
268 [2,530,000 


| 





| 
Top-Tray Vapor. ... 164.2 57.9 | 9432 146 100 
Heat Out: 
Overhead 40.8 57.9 | 2358 | 135 | L | 124 293,000 
Reflux | 122.4 57.9 | 7074 | 135 | L | 124 | 878,000 
Condenser Duty | } 1,359,000 
| 2,530,000 








The quantity of second-tray vapor can be deter- 
mined from the heat balance around the top tray, 
assuming a temperature for the second tray. This 
temperature must then be checked by a dew-point 
calculation of the second-tray vapor. Assuming a 
second-tray temperature of 150° F., the following 
heat balance is obtained around the top tray and the 
condenser. A preliminary calculation indicates that 
the molecular weight of the second-tray vapor will 
be 58.2, and this is used to determine the enthalpy 


100 = {122} 


from Figure 3. Inspection of this figure indicates 
that a small error in estimating this molecular weight 
will not have any noticeable effect on the enthalpy. 





























| m/hr. | M. W. | Ib./hr. | Temp. | Press. | Btu/lb. | Btu/hr. 
Heat In: 

Second-Tray Vapor| 164.0 58.2 9548 150 100 271 | 2,586,000 

Heat Out: 
Overhead.........| 40.8 57.9 2358 135 L 124 293,000 
Top-Tray Liquid. 123.2 58.3 7190 146 L 130 934,000 
Condenser ‘Duty. . 1,359,000 
2,586,000 














In the above heat balance when all the enthalpy 
values have been determined from Figure 3, the 
quantities can be calculated easily by observing that 
the overhead product enters the system as part of a 
stream having an average enthalpy of 271 Btu per 
pound. Thus, the part of the condenser duty applied 
to condensing the overhead is 


2358 X (271 — 124) = 347,000 Btu/hr. 


The balance of the condenser duty supplied the reflux 
from the top tray and this stream also entered as part 
of a stream having an average enthalpy of 271 Btu 
per pound and leaves with an enthalpy of 130 Btu 
per pound. Thus, the quantity of top tray liquid can 
be calculated 


1,359,000 — 347,000 
271 — 130 





= 7,190 #/hr. 


This quantity can be used to check the heat balance 
and the molecular quantities and molecular weights 
can be calculated by the material balance on the 
system. The assumed second-tray-vapor temperature 
is checked by the dew calculation. 











| Top-Tray | Second-Tray 150 
Overhead | Liquid Vapor kK 

m /hr. m/hr m/hr. 100 Ib. v/K 
Cs 1.0 1.2 2.2 2.7 8 
C4 | 39.4 } 119.0 | 158.4 1,04 152.3 
Cs 4 3.0 3.4 Al 8.3 

| = ' — — — 

40.8 1232 | 1640 161.4 














The exact dew point is 148° F. which is within 2° 
of the assumed temperature. In practice, an agtee- 
ment within 5° can be considered as a satisfactory 
check in design calculations. 

The bubble point of the bottoms at 100 psia gives 
the temperature at which this stream leaves the col- 
umn. This is determined by trial and error as pre- 
viously described. 
































PROPERTIES OF 
290° F. | | 278°F REBOILER VAPOR 
Bottoms c $$$, —__——_ 
m/hr. 100 Ib. m. K. 100 Ib. m. K Lbs. M. W. 
Cs 6 3.3 2.0 3.1 1.9 110 
Cs 22.6 1.75 39.6 1.60 36.2 2610 
Ce 16.0 95 15.2 86 13.8 1188 
C7 12.0 51 6.1 45 5.4 540 
Cs 8.0 28 2.2 25 2.0 228 
59.2 65.1 59.3 4676 78.9 











The first assumption of 290° F. was too high and 
the second trial was made by calculating the neces- 
cary K-value for the n-pentane which is the most 
important component in the reboiler vapor, which 
would check the =mK value. The desired K-value 
was 1.59 and the temperature of 278° F. at which the 
K-value of n-pentane is 1.60 was chosen for the 
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second trial. This can be sten to give a very good 
check. 

When the temperature of the bottom product is 
known, it is possible to determine the reboiler duty 
by means of the overall heat balance on the unit. The 
molecular weight of the bottoms product is 86.9 and 
this might be considered in the region where the 
specific-gravity correlation would be more reliable. 
However, the reboiler vapor has a molecular weight 
less than 80 and the other vapor and liquid quantities 
in the column would also fall within or close to the 
region where the molecular weight correlation holds. 
More consistent results will be obtained if. all 
enthalpy values are based on the same correlation. 


The overall heat balance on the column is given in 
the following table: 

















m/hr | M.W. | tb./hr. | Temp Press. | Btu/lb. | Btu./hr. 
Heat In: ; 

Feed Vapor 25.0 65.0 1624 220 100 308 501,000 
Feed Liquid 75.0 78.4 5882 220 L 189 1,111,000 
Reboiler Duty 1,229,000 
2,841,000 

Heat Out: 
Overhead... 40.8 57.9 2358 135 L 124 293,000 
Bottoms ‘a 59.2 86.9 5148 278 L | 231 =| 1,189,000 
Condenser Duty } 1,359,000 
2,841,000 

















‘The heat balance on the reboiler can then be made 
to determine the quantity of reboiler vapor. In this 
heat balance, the enthalpy of the trapout or bottom- 
tray pom was based on an assumed temperature of 














255° F ; and a molecular weight of 82. 
: m/hr. | M.W. | tb./hr. | Temp. E Press. | Btu. /lb. Btu/hr. 
Heat In: 
Trapout 16.0 81.8 13648 255 | L 215 =| 2,935,000 
Retwiler Duty | 1,229,000 
| — 
4,164,000 
Heat Out: | | 
Reboiler Vapor 107.8 78.9 | 8500 | 278 100 | 350 | 2,975,000 
Bottoms 59.2 86.9 5148 278 L ; 231 | 1,189,000 
| 4,164,000 





"hs this heat balunce the bottom ‘edadiect enters as 
part of a stream having an average enthalpy of 215 
Btu per hour and leaves with an enthalpy of 231 
Btu per pound. Thus, the part of the reboiler duty 
taken up by the bottom product is: 


5148 (231 — 215) = 82,000 Btu/hr. 


The balance of the reboiler duty supplies the heat 
to produce the reboiler vapor and this enters as part 
of a‘stream having an average enthalpy of 215 Btu 
per pound and leaves with an enthalpy of 350 Btu per 
pound, Thus, the quantity vaporized is: 


1,229,000 — 82.000 
1229, 00 — 500 Ibs./! 
350 —215 aa 


The heat and material balance can be completed 
and the molecular weight of the trapout liquid is 81.8, 
and this would not affect the enthalpy value. The 
bottom-tray temperature is determined by the bubble 
point of the trapout liquid. 











255° F 
Bottoms Reboiler Vapor | Trapout Liquid 
m/hr. m/hr. m/hr. 100 Ib. mh 
Cs. : ; 6 3.4 4.0 2.6 10.4 
rw dite 22.6 65.8 88.4 1.30 114.9 
a - 16.0 25.1 41.1 67 27.5 
a boot . 12.0 9.9 21.9 34 7.4 
MR sno paetie <a 8.0 3.6 11.6 18 2.1 
59.2 107.8 167.0 162. 3 
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The exact hubble point of the trapout is 257° F. at 
which the K-value of C, is 1.33, and this is well 
within the maximum tolerable limit of 5° F. 

The tray calculations up and down the column 
could be carried out by repeating these steps until 
the concentrations are matched as described in the 
various methods of tray-to-tray calculations. 

These calculations can be compared with the more 
accurate method previously described in which all! 
the components are considered individually. By this 
method, the condenser duty is the same because the 
overhead product is almost pure butane and the 
nomographs of Figures 2 and 3 give identical latent 
heats for butane at its molecular weight of 58. 

As an illustration of this method, the enthalpy of 
the feed vapor at zero pressure and 220° F. is calcu- 
lated as follows from Figure 2. 














ib./hr. Btu/Ib 
a ar eC i 26 370 9,600 
SRR PRO Nope 916 359 329,000 
cs ac st Pelt Souadaeena ts 388 356 | 138,200 
SE ERORE oF herp 180 354 | 83,600 
lean eat cenit 80 354 28'300 
Ce... eS 8 Ce 354i 12,000 

1624 357 580,700 

















In this calculation the enthalpy values of C, and C, 
lie off their scales, however, it will be noted that in 
this region the enthalpy values of C,, C, and C, are 
all identical at zero pressure, and since these latter 
two components constitute only 7 percent of the 
total, a small error in their enthalpy values would be 
negligible. 

For a gas of 65 molecular weight, the isothermal 
effect of pressure up to 100 pounds determined from 
Figure 3 is (308 — 318) ——10 Btu per pound and 
thus the total enthalpy of the vapor is 564,500 Btu 
per pound. The enthalpy of the liquid streams can be 
similarly calculated from Figure 2 and the following 
overall heat balance is obtained on the column based 
on the previous condenser duty. 





























| m/hr. Ib./hr. Temp. Press. Btu Ib. | Btu/hr 
Heat In: 

Feed Vapor... 25.0 1624 220 100 347 564,500 
Feed Liquid 75.0 5882 220 L 221 1,300,500 
Reboiler Duty 1,215,400 
3,080,400 

Heat Out: 
Overhead 40.8 2358 135 L 175 413,000 
Bottoms 59.2 5148 278 L 254 1,308,400 
Condenser Duty. 1,359,000 
| 3,080,400 














The reboiler duty calculated by the more accurate 
componential heat balance is only about 1 percent 
different from that of the approximate method based 
on average molecular weights. This is well within the 
accuracy of the basic enthalpy data. In other cases 
the agreement may not be so close, however, the 
accuracy will be sufficient to meet the requirements 
of process and engineering calculations. 
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Processing High-Hydrogen 
Sulphide-Content Natural Gas 


C. C. PRYOR, Associate Editor 


F THE operation of its natural gasoline plant 
near Stamps, Arkansas, McKamie Gas Cleaning 
Company seeks high yield of residue gas, since its 
primary market is to industrial and domestic gas 
consumers, Original design of the plant included 
presaturation of its absorption unit, so as to leave 
the maximum of fuel gases in the plant residue. 

in the McKamie field three-stage separation is 
required to separaté the sour gases from distillate. 
Consequently recompression of the total field stream 
is essential prior to processing. But the presaturation 
process leaves it unnecessary to recompress the plant 
residue for delivery, after flashing, into the pipe line. 

McKamie Gas Cleaning Company, owned jointly 
by Standard Oil Company (New Jersey) and The 
Atlantic Refining Company, was formed to operate a 
plant with capacity of 30,000,000 cubic feet of gas per 
day, and to recover 32,000 gallons of liquids daily, In 
addition to its presaturation absorption unit, the 
plant includes a desulphurization unit and a dehydra- 
tion unit as well as the required fractionation units. 

High hydrogen sulphide content of the gas re- 
sulted in the construction of a sulphur. conversion’ 
unit nearby by Southern Acid & Sulphur Company. 
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Recovery from the desulphurization unit goes to this 
plant where pure sulphur is processed. 

Essentially the presaturation process consists of 
contacting lean absorption oil with methane, ethane 
and propane in a 36-inch 16-tray presaturator tower. 
This presaturated absorption oil is pumped over the 
main high-pressure tower to contact incoming gas. 
Since the oil is presaturated it does not pick up 
methane, ethane and propane from the main gas 
stream. These remain in the high-pressure residue 
gas stream, which is dehydrated before entering the 
pipe line. 

The process eliminates large volumes of low- 
pressure residue gas and the compressors that would 
be necessary to-recompress the gas back to the 
absorber residue gas pressure. The oil rate is less 
than that -necessary for absorption without pre- 
saturation, because of the reduced temperature of 
absorption in the main absorber. 


Natural gas in the McKamie field has an unusually 
high hydrogen sulphide content, 4300 grains per 100 
standard cubic feet, and a high condensate ratio. In 
the early days of the field, residue gas was burned in 
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flares after the copdensate had been recovered, thus 
wasting thousandS“@f/barrels of valuable petroleum 
by-products and large quantities of sulphur. This gas 
could not be used for industrial sales because of the 
high hydrogen sulphide content. In early 1943, the 
field was shut in to permit installation of facilities to 
conserve and utilize the flared residue gas. 

At present there are 20 producing gas wells on 160- 
acre spacing in the McKamie field. Production is pro- 
rated according to the capacity of the H,S-removal 
plant; thus, gas is not produced from the reservoir 
and flared in the field to produce distillate. The wells 


-are produced only as gas is needed for industrial sale. 


The three-stage system for separation of gas from 
the condensate requires three separate field gathering 
systems: a high-pressure system of 650 psig; an 
intermediate-pressure system of 45 psig, and a low- 
pressure system with an elevated 2 psig separator. 

In the plant flow diagram of Figure 1, the three 
sour gas streams are labeled A, B, and C. Streams B 
and C are compressed to 650 psig and flow into the 
high-pressure stream A to the desulphurization unit 
at 635 psig. Composition of this combined stream at 
G is given in the table below: 


Gas to Desulphurization at G, 


Components N: CO, H»S_ C; Cy Cs Cai Cy 
Mol Percent 11.64 4.48 7.84 63.87 7.05 2.97 0.72 0.85 


Desulphurization 

The gas flows up through the purification absorber, 
which is packed with Raschig rings, countercurrent 
to a 15-20 percent aqueous solution of monoethanol- 
amine (MEA) pumped continuously into the tower 
near the top at about 100° F. at a rate of approxi- 
mately 420 gallons per minute. Hydrogen sulphide 
and carbon dioxide are absorbed by the MEA solu- 
tion, and the purified gas flows at a rate of 23,300,000 
cubic feet daily and 0.72 specific gravity with less 
than 0.05 grains of sulphur per 100 cubic feet from 
the desulphurization absorber to the gasoline-plant 
absorber for processing. The rich spent MEA solution 
flows from the base of each of the two purification 
absorbers through liquid-level controlled valves, 
through the rich-lean MEA heat exchangers to the 
reactivator tower entering near the top at about 255° 
F. After flowing down through the reactivator tower, 
the solution is boiled in the reboilers at approxi- 
mately 285° F. to expel nearly all the hydrogen sul- 
phide and carbon dioxide. The reboiler is heated by 
exhaust steam from the pump turbines. 

Steam generated by boiling the solution in the 
reboiler passes up through the reactivator, heating 
the down-coming solution to its boiling point (ap- 
proximately 285° F. at 35 psig pressure) and carries 
the hydrogen sulphide, carbon dioxide and steam 
flow to a condenser, where the steam is condensed 
and the hydrogen sulphide and carbon dioxide are 
cooled to about 100° F. 

The acid gas, from 3 to 3.5 million cubic feet daily, 
flows to Southern Acid & Sulphur Company’s plant 
where the pure sulphur is recovered at a rate of 60-65 
tons per day. Condensed MEA solution from the con- 
denser flows to a reflux accumulator drum and then 
is pumped back to the reactivator tower as reflux. 

The desulphurization process is a simple con- 
tinuous-cycle process for separation of acid gas (1.e., 
hydrogen sulphide and carbon dioxide) from gases 
and liquids. By scrubbing the gases and liquids with 
solutions of amines (organic alkalis) the acid gases 
are removed. Then the absorbed acidic gases are 
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separated from the solution by heating, thus regen- 
erating the solution for further acid gas absorption. 
If the supply of gas remains approximately the same, 
the plant operation is completely automatic. 


Absorption 

Gas overhead (1) from the high-pressure desul- 
phurization absorber flows to the base of the 24-tray, 
60-inch diameter absorber, operating at 615 psig and 
110° F. Residue gas from the absorber is cooled and 
passed to the residue scrubber. Gas from the scrubber 
flows to the dehydrating unit of the plant, and the 
liquids enter the rich oil line from the bottom of the 
absorber and flow to the cold vent tank for venting at 
385 psig and 108° F. 

Hot lean oil, 252 gallons per minute, 35° APT, 220 





























mol percent, from the surge tank is pumped through 
lean-rich oil heat exchangers and a cooler to the 
presaturator tower and the reabsorber. Lean oil in 
the presaturator tower contacts gases from the cold 
vent tank (M) and the depropanizer reflux accumu- 
lator tank (W), The gases from the depropanizer 
reflux tank are first passed through the low-pressure 
desulphurization absorber. Then the presaturated ob- 


26,500,000 scfd, 0.792 sp. gr. 
Csi “te - 
0.27 0.14 O11 0.05 


sorption oil, having a specific gravity of 0.816, from 
the tower is cooled and pumped at a rate of 274 gal 
lons per minute and 95° F. to the M&M absorber. 
Overhead gas from the presaturator flows to the pre- 
saturator residue scrubber. Gas from the scrubber is 
used for fuel, and the liquids enter the feed line to 
the 42-inch diameter, 20-tray, high-pressure still. 

Analysis in mol percent in the table below, of the 
gas charged to the absorber, residue gas, and the 
rich-oil stream, illustrates the operation of the pre 
saturation process in the McKamie plant. 


Gas Feed Rich Oil Residue Gas 
Mol Percent Mol Percent § Mol Percent 
CONSTITUENT ) J) K 





Ne 13.27 13.29 
Ci 72.84 14.01 73.29 
Ce = 8.05 6.48 8.72 
Cs Ss 3.39 5.83 4.40 
C4i . 0.82 2.36 0.22 
C4 0.97 3.20 0.08 
Csi “A 0.31 1.07 
Cs 0.16 0.56 
Ce 0.13 0.43 
C7 0.06 0.22 
Oil 65.84 
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After the rich oil stream (L) from the absorber is 
vented in the cold vent tank, it flows through the 
lean-rich oil heat exchangers and a preheater, increas- 
ing the temperature to 380° F., to the hot vent tank 
operated at 185 psig. Vapor (N) from the hot vent 
tank flows through a condenser to the hot vent ac- 
cumulator at 180 psig and 95° F. Gases (Q), 1,340,- 
000 cubic feet daily, 1.022 specific gravity, from the 
hot vent accumulator tank are charged to the re- 
absorber, and the liquid, 4.4 gallons per minute, to 
the high-pressure still. Reabsorber residue gas (P), 
1,031,000 cubic feet daily, 0.803 specific gravity; is 
used in the presaturator tower, and the bottoms, 33.4 
gallons per minute, 0.787 specific gravity, flow into 
the high-pressure still charge line. Condensed vapor 
(O) flows to the high-pressure still through a pre- 
heater (S). 

Fractionation 

Steam stripped bottoms 
from the high-pressure still, 
150 psig and 395° F., are 
charged to the low-pressure 
still at 30 gallons per minute 
and 0.625 specific gravity. 
Overhead product of the still 
at 185° F. is condensed and 
flows to the accumulator for 
reflux at 25 gallons per min- 
ute, 0.585 specific gravity, to 
the tower, and for charging 
at 63.7 gallons per minute, 
0.648 specific gravity, to the 
depropanizer feed tank (U) 
and the depropanizer tower 
(V). Vapor from the de- 
ropanizer feed tank is re- 
urned (T) to the final stage 
of compression with the in- 
coming gas to the plant at 
100 psig, and condensate 
from the final stage of com- 
pression flows to the feed 
tank. Overhead vapor from 
the low-pressure still, which 
is the same size as the high- 
pressure still, is condensed 
and collected in the accumu- 
lator drum. The low - pres- 
sure still is operated at 20 
psig, top temperature of 200° 
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liquid from the accumulator is pumped over to the reflux 
condensers of the high-pressure still, and the remain- 
der is refluxed to the low-pressure still. Lean oil from 
the low-pressure still is returned to the hot lean oil 
surge tank at 279 gallons per minute and 0.85 specific 
gravity. Vapor (W) from the depropanizer reflux 
accumulator flows to the low-pressure desulphuriza- 
tion absorber for purification and subsequent charg- 
ing to the presaturator; the liquid, 45 gallons per 
minute, 0.527 specific gravity, is refluxed to the de- 
propanizer tower. The 42-inch diameter depropanizer 
tower has 10 trays spaced 18 inches and 20 trays, 
spaced 24 inches apart, and is operated-at 350 psig 
pressure with 128° F. top temperature and 283° F. 
bottom temperature. Feed (X), 24.4 gallons per 
minute, 0.607 specific gravity, to the deisobutanizer 
tower is taken from the depropanizer reboiler, which 
is divided so that a portion, 44 gallons per minute, 





Desulphurization and dehydration units. The incoming gas separator is at right, 


and meter house in center foreground. 
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flows into the line to the high-pressure still conden- 
sers. Isobutane is produced overhead from the deiso- 
butanizer, and the bottoms (Y) charged to the de- 
butanizer at 18 gallons per minute, 0.621 specific 
gravity. The deisobutanizer is a 42-inch-diameter 
tower with 65 trays. It operates at 85 psig, 128° F. 
top and 196° bottom temperature. Reflux of the de- 
isobutanizer is 58 gallons per minute, 0.565 specific 
gravity, and the debutanizer, 20 gallons per minute of 
0.584 specific gravity. The plant is designed to pro- 
duce 8261 gallons per day of isobutane of 0.565 spe- 
' cific gravity, when operating at capacity; 13,998 gal- 


lons per day of 0.647 specific gravity gasoline, and 
9684 gallons per day of 0.584 specific gravity butane. 


Dehydration 

Gas from the plant for industrial sales is de- 
hydrated in a diethylene glycol dehydration unit 
before entering the pipe line. The unit consists of the 
contactor and still towers, scrubber, heat exchanger 
and pumps. 

Diethylene glycol is made up of two molecules of 
ethylene glycol from which one molecule of water 
has been removed. The specific gravity is about 1.12 
at 68° F. with a boiling point of 473° F. Freely 
miscible with water, methanol, ethanol, and other 
liquids at ordinary temperatures, the diethylene gly- 
col is very hydroscopic ; however, it does not hydro- 
lize to ethylene glycol when mixed with water, and 
after the water is removed by distillation, the di- 
ethylene glycol returns to its normal state. 

Appoximately 20,000,000 cubic feet of gas is de- 
hydrated daily in the unit. The gas enters the 
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Compressor house and mainfold piping for the three stages of compression for incoming gas. 
Boiler building is in background. 





dehydrating contactor at 95° F. and is contacted by 
12 gallons per minute of glycol entering the top at 
100° F. The contactor is 48 inches in diameter with 6 
trays spaced 24 inches apart. Spent solution leaves 
the bottom of the contactor at 105° F. and. flows 
through two heat exchangers, where it cools the 
fresh glycol going to the contactor from 280° F. and 
increases its own temperature to 245° F. before enter- 
ing the 24-inch diameter glycol still. Heat to the still 
is supplied by a reboiler which operates the still at 
280° F. bottom temperature and 245° F. top tempera- 
ture. Water vapor is taken overhead and condensed 


— 





and 2 gallons per minute is refluxed to maintain the 
correct temperature at the top of the towers. 
Reclaimed glycol is drawn from the bottom of the 
still for re-use. The dewpoint of the gas dehydrated is 
about 30° F., whichis well within the limits required 
by the pipe line. 

The success of the companies involved in solving 
the problems of converting sour gas into such prod- 
ucts as isobutane, normal butane, gasoline, sulphur, 
and sweet dry gas is a distinct conservation measure 
and an economic utilization of gas resources. In addi- 
tion, the industrial development of the area has been 
sped by an adequate supply of fuel, During the first 
two years of operation, the plant processed approxt- 
mately 14 billion of the cumulative production of the 
field of 30 billion cubic feet (to pass the lead acetate 
test) for sale as merchantable gas. The plant manu- 
factured 20,700,000 gallons of liquid products, and 
produced 2,046,000 cubic feet of acid gas from which 
the Southern Acid & Sulphur Company made 32,126 
long tons of pure elemental sulphur. 
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Regeneration of Spent Catalyst 
In Fluid Catalytic Cracking 


JOHN F. SNUGGS, Standard Oil Company (Indiana) 
Research Department, Whiting 


‘be regeneration of spent catalyst by removal of 
carbonaceous deposit under closely-controlled com- 
bustion conditions is an important feature of the fluid 
catalyst technique which has gained wide acceptance 
during the past six years. Regeneration is important 
not only because of the necessity for restoring cat- 
alyst activity, but also because of the large heat 
effects involved. In spite of the fact that only about 
1 to 2 weight-percent of carbonaceous material is 
present on the catalyst, the combustion in the regen- 
erator contributes a major portion of the heat re- 
quired to support the conversion reaction taking 
place in the reaction section of the catalytic plant, 
and residual heat usually is used to make steam. The 
fluid catalyst type of operation currently is being 
used, or has been proposed for application, in many 
chemical and petroleum catalytic conversion proc- 
esses where continuous, rather than intermittent, 
operation is desired. The most extensive application 
to date has been in the petroleum industry, where 
fluid catalytic cracking is a well established process. 
Fluid catalytic cracking wiil be used as a basis in 
the following for discussion of regeneration design 
and practice. 


Description of Process 

Descriptions ‘of the oil, air, and catalyst flows in 
the several types of fluid catalytic cracking systems 
have been presented in many papers published during 
the past few years. The general description which 
follows is a brief review for the purposes of the pres- 
ent paper. 

The process equipment comprising a fluid catalyst 
unit can be divided into four principal sections: feed- 
preheat section, reaction section, regeneration sec- 
tion, and product-fractionation section. Figure 1 is a 
schematic drawing showing these sections and may 
be referred to in tracing the process flow. 

In the feed-preheat section fresh charging stock 
(gas, oil, etc.) is heated in tubular heat exchangers 
with hot streams from the fractionator and, in some 
cases, by means of an oil- or gas-fired furnacé. Feed, 
either partially or completely vaporized, is directed 
to the regenerated-catalyst pickup point where it con- 
tacts hot, finely divided, solid catalyst particles. This 
mixture of oil and catayst flows upward into the re- 
action section where the cracking reaction takes 
place. A fluidized bed of catalyst is maintained in 
the reactor. Cracked vapors pass overhead from the 
reactor ‘catalyst bed through cyclone separators, 
where all but a trace of catalyst is removed, and 
then these vapors enter the fractionation section. In 
this section products are separated according to de- 
sired boiling ranges, and the small residual amount 
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Tue factors which influence the design, operation, and control 
of spent-catalyst regeneration facilities in commercial fluid cat- 
alytic cracking are discussed. The regeneration of spent crack- 
ing catlyst is accomplished by burning about 1 to 2 weight- 
percent of carbonaceous material from the catalyst under closely- 
controlled operating conditions, During the combustion a large 
quantity of heat is produced. Regeneration supplies a portion 
of the heat required to support the reaction in the catalytic con- 
version zone, and excess heat is used to produce steam. A 
description of the facilities used for regeneration, and the inte- 
gration of these facilities with the rest of the catalytic plant, 
is presented. 

The paper was contributed by the Fuels Division of The Amer- 
ican Society of Mechanical Engineers, and presented at the 








Spring Meeting of the society, at Tulsa, March 2-5, 1947, 





of catalyst is recovered for return to the catalytic 
system. ' 

During the cracking reaction a catalyst deposit, or 
coke, is formed on the catalyst. This material must 
be removed in order to maintain catalyst activity 
and selectivity. To accomplish this regeneration, 
spent catalyst is continuously drawn from the reactor 
and is directed through a steam stripping zone where 
entrained and volatile hydrocarbons are removed, and 
is then caused to flow through a standpipe/ At the 
bottom of the spent catalyst standpipe the catalyst 
meets a stream of air which carries it into the regen- 
eration section. A fluidized bed of catalyst is estab- 
lished within the regenerator, as in the reactor. The 
temperature of the burning which occurs within the 
regenerator is controlled by continuously drawing a 
stream of catalyst from the regenerator, cooling this 
material in a vertical tube exchanger, and returning 
cooled catalyst to the regenerator. Steam is produced 
in this recycle catalyst cooler; or, the heat may be 
used for heating process oil streams. | 
_As the regeneration progresses, sufficient coke is 
burned from the catalyst to restore its activity, and 
the regenerated material is returned continuously 
to the cracking zone by means of another standpipe 
and the oil-transfer system: previously described. The 
gaseous combustion products of regeneration pass 
upward through the regenerator through catalyst- 
recovery equipment, and then are vented to the at- 
mosphere. In many instances the flue gas leaving the 
regenerator passes through tubular boilers for addi- 
tional heat recovery in the form of steam._| 


Regeneration Variables 


The principal variables affecting the design of a 
fluid catalyst regeneration system are: Temperature 
of regeneration, type of. catalyst, analysis of catalyst 
deposit, fraction of catalyst deposit removed during 
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regeneration, contact of air and catalyst and catalyst 
residence time, and regeneration pressure. These fac- 
tors are discussed in general below. 


~ Temperature of Regeneration 

Commercial fluid catalytic cracking units operate 
with regeneration temperatures ranging from slightly 
below 1000° F. to about 1200° F. The choice of oper- 
ating temperature for design purposes is a balance 
between several factors. In general, the higher the 
temperature, the more readily the combustion occurs. 
On the other hand, at the highest temperature levels, 
permanent catalyst deactivation occurs at an acceler- 
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eration gases. With various commercial catalysts the 
CO,-to-CO ratio varies between about 50:50 to 65 :35., 
The presence of certain metallic contaminants, such 
as iron, which may accumulate on the catalyst during 
operation, tends to increase the CO,-to-CO ratio, and 
results in increased air requirements for burning of 
any given amount of catalyst deposit. ©, gaye ‘ 


Analysis of Catalyst Deposit 
The coke, or catalyst deposit, which is to be re- 
moved from the catalyst during regeneration is com- 
posed principally of carbon and hydrogen, but also 
may include sulfur. The actual composition of the 
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ated rate, and construction problems and costs tend 
to become more important considerations. The type 
of catalyst to be employed also is to be considered, 
since some are more heat-resistant as regards activity 
decline than others. Much study has been given these 
factors, and their combined effects have been valu- 
ated, with the result that current designs generally 
call for a regeneration temperature falling within the 
1025-1100° F. range. 


Type of Catalyst 

As mentioned in the foregoing, the type of catalyst 
to be used‘affects the design and operation of regen- 
eration equipment because of temperature deactiva- 
tion problems. The catalyst type also will affect re- 
generation-air requirements and heat evolution, since 
catalysts having different chemical compositions re- 
sult in various ratios of CO, to CO in effluent regen- 
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deposit is complex as regards hydrocarbon types and 
is not well known. Depending upon the adequacy of 
the spent-catalyst steam-stripping facilities, which are 
intended to remove entrained and volatile hydrocar- 
bons, leaving only coke, the carbon content of sulfur- 
free deposit varies from about 93 to 87 weight-per- 
cent, and hydrogen content from about 7 to 13 weight- 
percent. (Hydrogen content calculated by nitrogen 
balance across the regenerator and determined by 
oxygen disappearance. Since about four times as 
much air is required to burn one pound of hydrogen 
as is necessary for one pound of carbon, the impor- 
tance of adequate spent-catalyst stripping facilities 
and low hydrogen content in determining regenera- 
tion-air requirements is obvious. Normally, with a 
well-designed spent-catalyst stripper, slightly less 
than 10 weight-percent of hydrogen in ¢oke /can be 
specified for design purposes. Heat of combustion and 
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regeneration- air requirements for various CO,-to-CO 
ratios and hydrogen contents are covered in a sub- 
sequent section. 


Fraction of Catalyst Deposit Removed During 
Regeneration 


The weight-percent of catalyst deposit on spent 
catalyst charged to the regenerator varies between 
less than 1 to more than 2 percent in commercial in- 
stallations, and is partially a function of the catalyst- 
to-oil ratio fed to the cracking zone. Regenerated 
catalyst contains from about 0.3 to 1.0 weight-percent 
of residual deposit after completion of combustion. 
A balance between several factors defines the coke 
level desired on regenerated and spent catalyst for any 
specific design. First, the burning of one pound of 
coke from catalyst having a high deposit content, 
generally proceeds more readily than the burning of 
the same amount of coke from catalyst having a low 
coke content. Second, it is desirable from the stand- 
point of the cracking-reaction side of the process to 
maintain a relatively low catalyst carbon content. 
Third, high coke percentages on catalyst in the re- 
generator are not satisfactory, since catalyst entrain- 
ment in flue gas tends to become an increasingly 
important factor. In commercial operation, balancing 
between these factors has established the desirability 
of maintaining coke content of regenerated catalyst 
at between about 0.3 and 0.7 weight-percent by con- 
trol of other operating variables. 


Contact of Air and Catalyst and Catalyst 
Residence Time 


One of the more important factors affecting the 
economical utilization of regeneration air is the pro- 
vision of a suitable distributing device to promote 
adequate contactigg of air and catalyst within the 
regenerator. Distribution of air, typically, is accom- 
plished by means of a grid plate located at the bot- 
tom of the regenerator-catalyst bed. This grid eon- 
tains many small holes and imposes 0.5 to 1.0 pounds 
pressure drop to the air flow. It is also desirable to 
avoid a shallow catalyst bed within the regenerator 
through which mass channeling of air may occur..In 
large commercial units, at least_10, and preferably 
15, feet of regenerator-bed depth are desired when 
the regenerator takes the form of a single bed. 

Gas should flow through the regenerator at_low 
velocity. Commercial designs call for about 1.5 feet 
per second, which is satisfactory from the standpoint 
of minimizing catalyst entrainment in the gas. 

The residence time of catalyst within the regenera- 
tor has been varied over exceedingly wide ranges in 
test work on commercial units. With good distribu- 
tion of air there appears to be no appreeiable incen- 
tive for extending the:residence time beyond 5 min- 
utes when attempting to control to approximately 
0.5 weight-percent carbon on regenerated catalyst. 
Because of the effect of other necessary design fac- 
tors (required bed depth for proper air distribution, 
maximum allowable gas velocity in regenerator, etc.) 
the residence time anieatile exceeds this minimum 
value and ranges between 10 and 20 minutes. 


Regeneration Pressure 


Commercial fluid-cracking-unit regenerators oper- 
ate with pressures at the tops of the vessels ranging 
between about 1 and 13 pounds per square inch, gage. 
Obviously, with specified maximum allowable gas 
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velocities within the regenerators, the _higher_pres: 
sures permit smaller v , 
greater air flows in existing units. It has been pd 
that the combustion of catalyst deposit proceeds more 
favorable at the high pressure’ levels. The choice of 
pressure used weighs these factors and others against 
the increased cost of compressing large amounts of 
air to the higher pressure levels. 





Heat Release and Air Requirements 


The amount of heat released in the burning of car- 
bonaceous material transferred with. catalyst from 
the reactor to the regenerator is influenced by the 
several factors which control regeneration operation. 
For design purposes, the amount of heat released per 
pound of catalyst-deposit burned can be calculated 
from the expected flue-gas analysis, hydrogen content 
of coke, etc., each of which follows the general con- 
cepts mentioned above under “Regeneration Vari- 
ables.” Table 1 summarizes net heat of combustion 
values for several possible conditions. 

It is to be noted that the weight-percent of hydro- 
gen in catalyst deposit is designated as that amount 
determined by oxygen disappearance calculations 
based on Orsat analyses and nitrogen balance.’ Oxy- 
gen is probably also consumed in the regenerator 
oxidizing metallic impurities which are in the cat- 
alyst. In some cases account is taken of this factor, 
but in most instances. it is neglected due to lack of 
specific knowledge as to the magnitude of the adjust- 
ment to be applied. 

Net heat-of-combustion values are used in estab- 
lishing an over-all heat balance around. the regenera- 
tion system. The amount of heat which must be re- 
moved in the form of steam is determined by differ- 
ence after determining the amount of heat transferred 
to the reaction zone due to the rise in catalyst tem- 
perature in passing through the regenerator and the 
net heat leaving the regenerator in combustion gas. 
As an example of the distribution of combustion heat 
in a specific commercial unit, which will be discussed 
in more detail later, the data of Table 2 are pre- 
sented. In this unit, construction and design details 
are such that approximately 53 percent of the heat 
released in burning is recovered in recycle-catalyst 
coolers as steam. In other types of design as much as 
65 or 70 percent of the heat is recovered in producing 
steam; in some, no heat is recovered in the form of 
steam, control of the regeneration system being ob- 
tained by absorbing in the reactor system all heat 
recoverable from catalyst. 

Combustion air requirements for the regeneration 


TABLE 1 
Heat of Combustion of i # Bepoolt in Fluid Catalytic Cracking 














Fi Net Heat of Combustion 
Weight Percent of Deposit Burned from 
ia ’ . of Hydrogen in Catalyst-Btu./Lb. of 
Ratio CO2/CO in Combustion Gas Catalyst Deposit* of Deposit 
50:50... 8 12,440 
65:35 ; 8 | 13,840 
50:50 12 } 14,140 
65:35 12 15,480 
BASIS 


Net H Heat of Comboities 





Reaction Btu./Lb. of H or C 
H+ 4 O2— HoO 51,650 
C+02. — C02 14,100 


C + 4% O2—CO 








* Measured by oxygen disappearance in regenerator as determined from Orsat analysis and 
nitrogen balance. 
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TABLE 2 
Distribution of Regeneration Heat in a Commercial Fluid Catalytic 
Cracking Unit 
Millions of 
Btu./Hr Percent 
Heat released 238 | 100 
Heat in Flue gas (over entering air)* 56 23 
Heat to reaction zone 36 15s 
Heat to steam. | 125 | 53 
Heat loss and unaccounted for 21 | a 
Total | 938 *| i100 
BASIS 





Operation shown in Table 4. 

Net heat of combustion of coke is 13,840 Btu./Lb. at 8 percent hydrogen 
Reaction zone at 

Steam produced at 160 psig from 300° F. boiler-feed water. 





* Approximately 50 percent of this heat potentially recoverable in a rae -gas boiler, hated 
ing steam to 153 millions of Btu./Hr. or 64 percent of heat release. 





operation are affected by all factors which influence 
dry flue gas composition, by the hydrogen content 
of catalyst deposit, and by the oxygen content of 
effluent flue gas required for control. Table 3 sum- 
marizes air requirements calculated for various ratios 
of CO,/CO in flue gas, various hydrogen contents 
of the coke, and for 2 percent oxygen in flue gas. 
Actual practice confirms closely the stoichiometri- 
cally calculated requirements. 


Control of Regeneration 


Many variations in regeneration-control technique 
have been used in fluid-catalytic- -cracking units. The 
system described in the following is typical of prac- 
tice used in several instances. 

The flow of spent catalyst from the spent-catalyst 
standpipe, and the consequent load imposed upon re- 
generation facilities, is regulated by means of a slide 
valve. The opening of the valve is controlled auto- 
matically by positioners which are controlled by the 
level of catalyst in the reactor. A specified catalyst 
level is maintained in the reactor so that cracking 
severity, and coke production, are maintained con- 
stant. 

The air used to transport catalyst from the bottom 
of the spent-catalyst standpipe to the regenerator 1s 
flow controlled at the quantity which will give suit- 
able flow characteristics and maintain satisfactorily 
low burning rate in the carrier line. Additional com- 
bustion air enters the regeneration zone through the 
recycle-catalyst-cooler system and through auxiliary 
air lines. Each of these flows alsa is controlled 
desired rates. The speed of the air compressor sup- 
plying combustion air is regulated by a controller 
which gives constant pressure at the discharge of the 
machine. 

Temperature in the regenerator catalyst bed is 

TABLE 3 
Combustion Air Requirements in Fivid } Casatytte Cracking 


| Ww nae Percent | Combustion Air Requirement 





| Lbs. Air/Lb. Deposit 
Ratio CO2/CO in Combustion Gas am “y+ Burned 
50:50 8 12.05 
65:35 s 12.92 
50:50 12 13.18 
65:35 12 14.02 
BASIS 





2 percent in dry effluent flue gas. 
Air supplied at 100° F., 50 percent relative humidity 




















* Measured by oxygen disappearance in regenerator as determined from Orsat analysis 
and nitrogen balance 
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maintained at a specified level by circulating hot cat- 
alyst through a standpipe, through a cooler, and then 
back to the regenerator. The rate of catalyst circula- 
tion through the cooler is automatically regulated by 
temperature controllers which actuate slide-valve po- 
sitioners. Two circulating loops are used on large 
units. The boiler-feed water and steam systems ap- 
purtenant to the recycle-catalyst coolers ordinarily) 
are controlled automatically. 

In regeneration operations it is possible under cer- 
tain conditions for the carbon monoxide formed dur- 
ing the combustion to burn to carbon dioxide near 
the top section of the vessel, where catalyst concen- 
tration is low. When this occurs, very high tempera- 
tures result. In order to protect the regeneration 
equipment, use is made of emergency water sprays 
which are directed into the burning gas and, at times, 
into the catalyst bed. Flow of emergency spray water 
is controlled to the desired quantity while steps are 
taken to eliminate the factors leading tothe upset 
condition. 

The pressure at the outlet of the regenerator may 
be controlled automatically or manually. In case of 
automatic control, a pressure tap at the top of the 
regenerator is the control point for a valve positioner 
which adjusts the opening of a valve throttling the 
flue-gas flow. 

For economical use of combustion air, it is desir- 
able to maintain only a slight excess of oxygen in 
the regenerator flue gas. A visual record of oxygen 
content of this stream is obtained in many units by 
means of an oxygen recorder which samples at the 
regenerator outlet: As a further check upon opera- 
tions, samples of flue gas are obtained regularly for 
determination of carbon dioxide, oxygen, carbon 
monoxide, and inserts by Orsat analysis. 


Commercial Regeneration Operating Data 

Table 4 summarizes some design and operating 
data for a commercial fluid cracking unit regenera- 
tor. It is to be emphasized that this tabulation illus- 
trates operation of a specific installation and that 
the data are not typical for all units. For other units, 
in addition to variations in design details, the operat- 
ing conditions may differ considerably from those 
shown. The unit under consideration is an installa- 
tion designed for low catalyst-circulation rate be- 
tween the reactor and regenerator and for moderate 
regeneration temperature, and has a recycle-catalyst 
cooler for control-of regeneration heat balance. 

TABLE 4 

Regenerator Operation in a Fluid Catalytic Cracking Unit 

Design Details: 


OE INNO Br soa lus ca vcon ences ctatan 36’-6” I.D. 
TEED X60, 0 6 sd obo Gh bein bases <b odeenee 40’-0” 
RE cdene cha deade sit SKK nn oie ha be bed Hemispherical 
eee ere eee ae 150’ 
OS Fe dao o fa i.00.k00 asi catmbwns Carbon steel 
Operating Conditions: 
CN OT ES 5 er rere eee 9 psig 
Catalyst bed temperature...................... 1025° F. 
Entering air temperature....................... 230 F. 
SEN SOE MI ou. sn ld lc nie up 00d dm on ee 18’ 
Catalyst bed density....... Me ARSE se 20 Ibs./cu. ft. 
Spent catalyst charge......................540 tons/hr. 
|e EE eee eee ll TE 
Gas velocity at top of vessel................ 1.45 ft./sec. 
Carbon on spent catalyst............ 1.80 weight-percent 
Carbon on regenerated catalyst...... 0.35 weight-percent 
Coke burned (8 percent hydrogen)........ 17,200 Ibs./hr. 
Flue gas analysis (dry) 
aie ONE ahd Ras Vine WRAY ens bed biG 12.0 volume-percent 
Se Tee eee ee ree 2.0 volume-percent 
CEN a week th tak ene ke Nene 5.8 volume-percent 
Ee Se pte Br 8 tik tg & 80.2 volume-percent 
meeeint NeGeNN sis cc a oa Bae 135,000 Ibs./hr. 


Petroleum Refiner—V ol. 








26, No. 3 


n 
n 








Smokeless Burning 
Of Refinery Vent Gases | 


A. K. BRUMBAUGH, JR., General Petroleum Corporation 


Mia refineries which happen to be located in 
metropolitan areas face a severe problem in the dis- 
posal of waste light hydrocarbon materials, especially 
those gases and liquids which are discharged from 
safety relief valves and which consequently are pro- 
duced in widely varying amounts not subject to di- 
rect control. This is particularly true of operations 
involying large gas-recovery, light-end fractionation, 
and alkylation units; for such equipment requires 
the holding in process vessels of considerable vol- 
umes of hydrocarbons. The special problems asso- 
ciated with materials in the propane-hexane range 
result from a combination of volatility at normal tem- 
peratures and vapor density appreciably greater than 
that of air; the high volatility means that discharged 
material may not be readily condensed, for example, 
by water washing, and the high-vapor density slows 
down dispersion by natural forces and encourages 
the formation of pockets of gas. 

Most operators of this type of equipment have con- 
cluded that the only safe method of handling such 
vented material is burning. Eariy in 1946 General 
Petroleum Corporation instituted a program aimed at 
the development of equipment which would burn 
vent gases without objectionable smoke. The follow- 
ing discussion outlines the basis of this development 
and describes the installation recently completed. 


As a first step a rather careful search of the litera- 
ture was made but no reports of any approach to the 
problem were found. Without previous background, 
various methods of supplying and mixing air with the 
gas prior to ignition were studied with the result that 
the design of a venturi-type aspirating burner was 
attempted. Mechanical methods of aeration, for ex- 
ample by blowers, had to be ruled out because the 
volumes of gas to be handled were so great as to re- 
quire equipment of prohibitive size. Information for 
the design of the experimental unit shown in Figure 
1 was obtained from three sources given in the bib- 
liography and this unit was set up for field tests. 


It was found that isobutane vapors could be burned 
without smoke using a ratio of venturi throat area 
to gas orifice area of 4 to 1. When isobutane contain- 
ing considerable amounts, possibly 20 percent, of 
unvaporized material was fed to the burner it was 
necessary to substitute a smaller gas orifice, thereby 
increasing this ratio to 16 to 1. With the 16-to-1 ratio 
the wet material burned without smoke, this despite 
the fact that liquid could be seen emerging from the 
burner mouth and entering the flame. Wet gas from 
the gas plant feed required a ratio of 8 to 1 for clean 
combustion. It was also determined that with the 
orifice ratio giving minimum satisfactory aeration 
the pressure upstream of the gas orifice could be re- 
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duced to % psig without flame popping back. Below 
this limit operation was unstable; eventually the 
flame would travel back through the venturi tube and 
burn at the gas orifice; it was discovered, however, 
that a pressure of about 1 psig would blow the flame 
through the tube and re-establish normal operation. 


With the limitations of the venturi burner estab- 
lished, the application of such units to the refinery 
flare system was considered. As it was apparent that 
the permissible pressure at the gas orifice would 
control the size of the equipment, calculations were 
made to determine the effect of this back pressure 
on the relief valve system, with the result that 5 psig 
was chosen as the maximum figure. Because all the 
vessels tied into the burner system had design pres- 
sures of 100 psig or over, and the relief piping was 
adequately sized, it w&s found that for. any reason- 
able assumption of emergency conditions the pres- 
sure rise in the protected vessel or vessels would be 
well within the margin of allowance set, by the API- 
ASME Code. The effect of back pressure on the 
popping pressure of the relief valves could be ignored, 
as the greatest build-up at the downstream side of 
any valve was estimated at 15 psig while the set pres- 
sure was at least 25 psig below the design pressure of 
the vessel in question. It was also decided to design 
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Experimental burner 


the burner installation for a rate of 14,000,000 cubic 
feet daily, this seeming sufficient to handle any dis- 
charge resulting from emergencies. 

With an operating pressure range of 4 psig to 4 
psig, a given gas orifice would have a range of vol- 


ume burned of 4 to 1. As the volume to be handled . 


could be expected to vary from zero to the maximum 
it was decided to employ several burners of varying 
sizes with some sort of pressure-responsive mechan- 
ism to cut them in successively. A conventional back- 
pressure control valve could not be used for this pur- 
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pose for as soon as the burner was turned on the in- 
creased flow would drop the header pressure with the 
result that the valve would quickly shut off again, 
resulting in a cyclic intermitten action. To meet this 
problem an adaptation of commercially available con- 
trol valves was made as shown in Figure 2. With this 
mechanism adjustment, one pilot valve sets the open- 
ing of the main valve at any desired header pressure 
while the other pilot valve permits adjustment of the 
closing point to that pressure on the burner orifice 
which is the minimum for satisfactory operation. 

\ schedule of opening and closing pressures was 
set up for the series of burners, arranged so that the 
largest unit would be the last to cut in and the first 
to cut out. The size of the smallest burner orifice was 
next determined, being estimated from the surge 
capacity of the entire piping system and the normal 
amount of vapor leakage so that this burner would 





operate at fairly infrequent intervals to discharge 
accumulated material. The size of the next larger ori- 
fice was calculated from that of the smallest and the 
HOUSE TYPE REGULATOR 
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Vent burner control 


Left—Pilot-controlled fully 
automatic regulating valves. 
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Below—Regulator manifold 
and piping of burners. 
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BEFORE 


Old method of burn- 
ing emergency re- 
leased light oil and 
gases which, due to 
lack of aeration, cre- 
ated clouds of black 
smoke 



























AFTER 


With new burner installa- 
tion, General Petroleum Cor- 
poration’s refinery at Tor- 






rance, California, handles 
emergency-released light oil 
and gas without smoke. 






operating pressure schedule, being limited so that 
both burners at the cutout pressure of the second 
would burn only as much gas as the first burner alone 
at the cut-in pressure of the second. It will be seen 
that this method of graduation provides a stable oper- 
ating condition for any gas flow in the range cov- 
ered, thereby avoiding intermittent operation. Other 
gas orifices were determined, maintaining a similar 
relationship between the capacity of each additional 
burner and the total of those which would have pre- 
viously cut in. Venturi-tube dimensions were estab- 
lished by direct proportion to the experimental unit 
which had given good results, selecting a venturi 
area to orifice area of about 8 to 1 as the most gen- 
erally desirable. Sizes and pressures finally used after 
slight readjustments to conform to readily available 
material and after field tests together with other per- 
tinent data are included in the following table. 








} 
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Gas Orifice Venturi Ratio 











Cut In Cut Out Diameter | Throat Throat Area to 
Burner Number Psi si Inches | Dia. Inches Orifice Area 
| | 
1 24% «| \% Ler | 5 9.6 
2 | 2% COS 1g 2.9 | 8 7.8 
3 | 3% “% | 4.03 us | 81 
4 | | 2 7.0 18 | 6.6 
i 


To convey the vapors to the battery of. burners all 
vent lines were combined in a 36-inch diameter under- 
ground header, each burner having an individual riser to 
its control valve. Provision was made for continuous 


resulting in assured release of vapors at header pres- 
sures over 414 psig. 

In order to avoid liquid hydrocarbons reaching the 
burners, as well as save valuable material for re-use, 
discharge lines from relief valves of all vessels oper- 
ating full of liquid, and hand controlled drains from 
reflux drums and the like were segregated and led to 
a 10-foot diameter by 78-foot long accumulator which 
in turn was connected to the burner header. Liquid 
trapped in this vessel can be pumped back to the 
plant for recovery. 

Experience with previous simple flare installations 
indicated that arrangement of the burner setting to 
provide satisfactory service life despite the tremen- 
dous evolution of heat during an emergency would 
require serious consideration. Experiments with the 
first unit showed that the aspirated air kept the ven- 
turi tube itself relatively cool, so it was thought that 
if provision were made to protect the burners from 
radiated heat and flame from adjacent units, fabri- 
cated steel venturis could be used. Thicknesses varied 
from % inch for the smallest sizes to % inch for the 
largest. An air-cooled wall 10 feet high and 50 feet 
long was constructed, and the burners were installed 
flush with the surface through suitable ports. The 
wall consists of a 13-inch face of firebrick, a 2-inch 
air space, and an 8-inch thick reinforced concrete 
backing. Pipe nipples through the concrete along 
the bottom provide for convection circulation of air 
through the clearance space. All of the separate ele- 
ments of this installation are coordinated in the flow 





FIGURE 3 
Flow diagram of vent burner system 


drainage of condensate, all vents were pitched from 
the relief valve to the header from whence a sealed 
gravity drain conducted liquid to the refinery recov- 
ery system. Because lack of capacity or failure of the 
automatic valves to operate might impair the func- 
tioning of the entire relief system, a branch of the 
main header was led to a water seal where its open 
end was submerged beneath 10 feet 4 inches of water, 
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chart, Figure 3. Various photographs of the equip- 
ment are included in the interest of clarity. 

Since completion of the installation repeated oper- | 
ating tests have been made with uniformly good 
results. 
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Basic Petroleum Chemistry 
For Refinery Employes 


J. J. STADTHERR, Resident Chemist 
The Pure Oil Company, Heath Refinery, Newark, Ohio 


Chapter IX 
POTENTIAL SOURCES OF LIQUID FUEL 


‘Tails is growing interest on the part of business 
interests, research organizations and government 
agencies in the search for petroleum substitutes. This 
interest has been caused by the tremendous drain 
upon our petroleum resources during the past five 
years and the prediction by economists that the de- 
mands for petroleum products during the next five 
years will be greatly increased. Interest also has been 
stimulated by the rising costs of petroleum explora- 
tion and production, and the realization of the im- 
portance of an abundant supply of liquid fuel in time 
of war. A strong national defense requires an over- 
whelming abundance of many types of liquid fuel. 

Even before the automobile became a popular 
means of conveyance, various authorities began to 
sound ominous warnings with reference to an early 
exhaustion of our available supply of crude oil. Per- 
haps the first “oil shortage” scare in this country was 
made for sales purposes, and it occurred even before 
the Drake well was drilled in 1859. 

In 1874 Dr. Wrigley, State Geologist of Pennsyl- 
vania, wrote, “The present yearly output (of crude 
oil) is over 25 million barrels. . Some day the 
cheque will come back endorsed ‘no funds’ and we 
are approaching that day very fast.” 

In 1908 Dr. David Day, director of the United 
States Geological Survey, estimated maximum possi- 
ble reserves in the United States to be about 23 
billion barrels of oil. Since that time about 30 billion 
barrels have been consumed and known reserves as 
of January 1, 1947, stand at more than 21 billion 
barrels. Contemporary experts vary in estimates of 
the day when the check will be returned marked 
“no funds” from a low of 14 years to a high of 1000 
years." 

With continued increasing consumption, eventual 
exhaustion of crude oil is inevitable; but today, con- 
trary to the various warnings of early exhaustion, 
known reserves are greater than they have ever been 
before. Further, only about half of the probable oil- 
producing areas of the United States have been ex- 
plored. Improved technology in synthesis, oil explo- 
ration and production is expected to expand reserves 
even more. 


Government’s Liquid Fuel Projects 


Government interest in this matter has taken the 
form of Public Law No. 290, authorizing the Secre- 
tary of the Interior, through the United States Bu- 
reau of Mines, to construct and operate demonstration 
plants to provide synthetic liquid fuels from coal, 
lignite, oil shale, agricultural and forestry products, 
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and $30,000,000 was appropriated for the purpose. 
Recently the Bureau of Mines asked that the appro- 
priation for this project be doubled. The action of 
Congress in this matter may seem premature in 
view of known reserves of crude oil and natural gas, 
but, if for no other reason than its importance to 
national defense, it is justified. 


The 11-member Senate oil-investigating committee, 
created two years ago to recommend 4 national oil 
policy, issued a statement recently to the effect that 
“bold steps” were in order to get synthetic fuel pro- 
ducion ready. Crude oil and source materials for 
synthetic fuels appear to be “capable of meeting all 
domestic petroleum requirements for many cen- 
turies,” hence: “It is folly to be apprehensive that 
this nation is facing a shortage of liquid fuel.” But, 
it asserted, in the event of war, with all imports cut 
off, we could not support a large scale campaign. 
“The reserves within our borders are more likely to 
constitute the citadel of our defense.” It is urged that 
every possible step be taken to develop hquid-fuel 
resources, because, despite the atomic bomb, oil re- 
mains the key to military victory. The answer, de- 
clared the committee “is to be found in synthetic 


%9 


production.’” 


Natural Gasoline 


It is estimated that known reserves of natural gas 
are sufficient to last only about 30 or 40 years at the 
present rate of consumption. However, new discoy- 
eries, improvements in conservation and intelligent 
utilization will extend the supply for a much longer 
time, 


The total production of natural gas more than. 


doubled between the years 1933 and 1943, and the 
present annual consumption is valued at more than 
half a billion dollars. Besides the many chemicals 
and chemical raw materials made from natural gas 
(see Chapter VIII, Table 10), there are produced 
about 280,000 barrels per day of light, volatile liquid 
fuel. This is called natural or casing-head gasoline, 
and is used for blending into automotive fuel. The 
first commercial process for the recoverv of natural 
gasoline was by compression cooling. The natural 
gas is compressed by means of mechanical compres- 
sors and then cooled. This causes the hydrocarbon 
usable in gasoline to liquefy. 

The compression-cooling method has been super- 
seded to a great extent by the absorption method. 
This method is dependent upon the principle that the 
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hydrocarbofis usable in liquid fuel are more easily 
dissolved in liquid petroleum fractiogs than are the 
lighter gaseous hydrocarbons. The “gas stream is 
bubbled through absorption oil, which takes into so- 
lution the heavier hydrocarbons from the gas. The 
natural gasoline then is separated by means of dis- 
tillation. De 

A third method of recovering liquid fuel from 
natural gas is known as the adsorption method. It 
involves the passing of natural gas through towers 
filled with solids, such as activated carbon, charcoal 
or silica gel, each of which is capable of retaining 
the hydrocarbons usable in gasoline in preference to 
the gaseous hydrocarbons. When the medium in the 
adsorption tower becomes saturated with gasoline, 
the gas is diverted to a second adsorption tower. The 
gasoline then is recovered from the adsorption me- 
dium by stripping with steam. 

These three methods of gasoline recovery also have 
been used in refineries for the recovery of liquid 
fuel from refinery gas produced in cracking and dis- 
tillation operations. High-pressure adsorption meth- 
ods are more commonly used in gas-field and refinery 
operation today. 

These methods depend merely upon changing the 
physical form of the desirable hydrocarbons from a 
gaseous to the liquid state. Research efforts row are 
directed chiefly toward changing the chemical struc- 
ture of the natural-gas hydrocarbons. 


The Synthine Process 


The term “synthine” is a contraction of the words 
“synthetic gasoline,” and is applied usually to a 
process which produces petroleum-like substances 
from the hydrogenation of carbon’ monoxide. The 
carbon monoxide may be produced from coal, coke, 
oil shale, natural gas, or possibly other carbonaceous 
materials: The hydrogen may be produced from wa- 
ter and natural gas. The raw materials, therefore, are 
abundant. 

The original research upon which the synthine 
process is based had its beginning about 50 years 
ago in the experimental work done by the French 
chemist, Professor Sabatier of Toulouse. It remained 
for the Germans to attempt commercial application of 
the reaction. 

Following World War I, two German chemists, 
Franz Fischer and Hans Tropsch of the Kaiser Wil- 
helm Institute, collaborated to make the Fischer- 
Tropsch synthesis of hydrocarbons from carbon mon- 
oxide and hydrogen, one of the most important in 
chemical history. Had the Fischer-Tropsch process 
been developed in 1939 to the extent that it is today, 
the mechanized German army would not have col- 
lapsed as early as it did, and might have rolled on 
to victory. 

A rather small percentage of the liquid fuels pro- 
duced in Germany during the war was produced by 
the Fischer-Tropsch process, and indications are that 
the cost of such fuels was much in excess of the cost 
of similar fuels from crude oil. It is quite well estab- 
lished, however, that German plants were clumsy 
and unnecessarily expensive. In the light of American 
engineering, research and development, several major 
oil companies are going ahead with the construction 
of synthetic gasoline plants with the expectation that 
the cost of the motor fuel produced will be at least 
competitive with the cost of a similar product from 
crude oil.® 

Whether natural gas, coal, coke, shale, lignite or 
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vegetation is used as raw material, the process first 
depends upon the production of a synthesis gas con- 
sisting of a mixture of carbon monoxide and hydro- 
gen.» ® 7 Of the various possible sources, the pro- 
duction of the necessary synthesis gas from natural 
gas appears most economical at this time, and the 
commercial plants now being built will use natural 
gas instead of coal as raw material. Table 11 lists the 
comparative costs of Fischer-Tropsch gasoljne from 
coal and gas, and modern refinery gasoline from 
crude oil at $1.20 per barrel and $2.00 per barrel. 


Table 11 
Costs per gallon of gasoline not including depreciation. 
Cents 

Fischer-Tropsch gasoline from coal at $2.30 per ton 14.7 
Fischer-Tropsch gasoline from natural gas at 

5 cents per thousand cubic feet 6.0 
Modern refinery gasoline from crude oil at $1.20 per bbl. 5.1 
Modern refinery gasoline from crude oil at $2.00 per bbl. 8.3 


These costs were estimated by R. P. Russell of 
Standard Oil. Development Company in 1943.‘ 
Process improvements have lowered the estimated 
Fischer-Tropsch costs considerably. It is predicted 
that the cost of Fischer-Tropsch gasoline from the 
new plants now being built will be between 5 and 6 
cents per gallon, while similar quality gasoline from 
coal would be between 71% and 9% cents with all 
costs being considered. 

As previously stated, the Fischer-Tropsch process 
depends, first, upon the conversion of the raw material 
into a suitable synthesis gas. It might be possible to con- 
vert coal beds underground into the desired gas, thus 
eliminating mining, handling and some transportation 
costs. Russia has been converting coal underground 
into fuel gas for 12 years and a similar project is 
being developed in this country by. Alabama Power 
Company in cooperation with the United States Bu- 
reau of Mines. The work will be earried on in a new 
mine at Gorgas, Alabama. Similar projects may be 


developed in connection with oil shale and lignite, 


deposits®. Such projects, if successful, would have the 
effect of extending petroleum and natural gas re- 
serves almost indefinitely. At the present rate of 
consumption, it is estimated that coal reserves are 
sufficient for 5000 years. 

The production of a suitable synthesis gas from 
natural gas may be accomplished by one or several 
of the following reactions: 

Reaction with steam according to the equation: 


CH.+tH:0 — CO+43H: (1) 
Reaction with carbon dioxide 

CH,.+C€cO. — 2C0O+2H: (2) 
Reaction with oxygen 
: 2CH,+ 0: — 2CO+4H: (3) 


Of six commercial methods of producing hydrogen 
for atomic hydrogen welding, manufacture of numer- 
ous chemicals, and the hydrogenation of petroleum 
and other oils, the reaction represented in the first 
equation above ranks second in importance. At least 
17 plants having a total hydrogen-producing capacity) 
of four billion cubic feet per month use this process. 
Modifications of the process are applicable to the 
synthine gasoline process. 

Synthesis gas from coal is an adaptation of the old 
water-gas reaction between superheated steam and 
coke. Coke is the residue from the distillation of coal 
in retorts, petroleum in coke stills or more usually 
from coal by-product coke ovens. The reaction is as 
follows: 

C (coke) + H:0 — ‘CO+H, (4) 

By the variation of temperature, catalysts and the 
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ratio of one reactant to the other, the ratios af carbon 
monoxide to hydrogen may be controlled in each of 
the above reactions to yield a synthesis gas best 
suited to synthine gasoline production. 
Regardless of the source, synthesis gas must be 
practically free of sulfur compounds. About one grain 
per 1000 cubic feet is all that can be tolerated with 
most catalysts without serious poisoning of the cata- 
lysts. The natural gas may be treated prior to the 
synthesis gas reaction by gas purification methods 
such as those discussed in Chapter VII. A number 
of treating processes for synthesis gas have been 
proposed. 
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FIGURE 21 


Synthine Process with coal as charge. 
1. Coal supply; 2 Coal elevator; 3 Synthesis gas producer; 4 Gas 
holder; 5 Gas purification unit; 6 Synthesis reactor; 7 Condenser; 8 
Water separator; 9 Cooler; 10 Cooling water; 11 Stabilizer; 12 Propane 
and Butane; 13 Stabilized gasoline; 14 Tube heater; 15 Fractionating 
tower; 16 Gas; 17 Naphtha; 18 Kerosine; 19 Furnace and diesel fuel; 
20 Wax and heavy oil; 21 Waste. 


Following the purification, the next step in the 
synthine process is the catalytic synthesis of the syn- 
thesis gas to hydrocarbon and water according to 
reactions of which the following are typical: 

nCO + (2n+1)H: — Cn Hens) + nH:O (5) 


Where n = 6 for example: 
6CO+ 13H: — C.Hu+6H20 





Hexane 
nCO+2nH: — CnHa-+nH:0 (6) 
Where n = 6 for example: 
6CO+ 12H: — C.He+6H:20 
Hexene 


Reactions such as that represented in equation (5) 
above are favored by a relatively high. ratio of hydro- 
gen to carbon monoxide in the synthesis gas. The 
hydrogen type formula, CnH«n..) will be recognized 
as the type formula for saturated or paraffin hydro- 
carbons, while CnH,, is the type formula for unsatu- 
rates or monolefins. The latter reaction is favored 
by low hydrogen-carbon. monoxide ratios and cata- 
lysts which have less hydrogenating ability’. 

Following the synthesis reaction, the reaction 
products are passed through a condenser. The con- 
densate is heated in a tube heater and separated into 
fractions. The uncondensed portion through the con- 
denser, containing the gas and gasoline, is debuta- 
nized in a conventional stabilizer column to the de- 
sired gasoline vapor pressure. Figures 21 and 22 
are simplified flow diagrams representing gasoline 
production from natura! gas and coal by the synthine 
process. Figure 21 represents a process in which 
reaction (3) (above) is used for the production of 
synthesis gas. 

The primary products from the synthine process 
are as diversified in their known and probable uses 
as are the various products from crude oil. In Ger- 
many, detergents, fatty acids, edible fats, lubricants, 
solvents and chemicals, in addition to fuels for auto- 
mobiles, planes and diesel engines, have been made 
by the synthine process applied to coal. Diesel fuels 
with high cetane number can be made by the syn- 
thine process.’® 
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Hydrogenation of Coal 


A very large percentage of the fuel which launched 
and nearly won the war for Germany was produced 
by the hydrogenation of coal. Production of gasoline 
from coal by the direct hydrogenation route involves 
three major steps: First, the pulverizing and mixing 
of the coal with an oil carrier ; second, the hydrogena- 
tion of the heavy oil and coal slurry, and finally the 
separation of the hydrogenated products from the 
slurry. The slurry consists of about equal parts of 
clean pulverized coal and heavy tar-oil. It is caused 
to react with hydrogen in vertical alloy-steel tubes 
heated to about 850° F. under pressures up to 4500 
psi. About 20 percent boils between 400° and 626° F. 
This “medium oil,” as it is called, may be further 
hydrogenated or cracked and fractionated to yield 
more gasoline, diesel fuel, fuel oil, tar bases, tar acids, 
and other substances. 

The catalysts, which may consist of iodoform, 
stannous sulfide, molybdenum trioxide, molybdenum 
disulfide and other metalic oxides or sulfides, are 
suspended in the slurry in amounts ranging from 0.05 
to 0.5 percent. This catalyst is recovered from the oil 
after it passes through the reactors by means of cen- 
trifuges or pressure filtration. 

Yields obtained on experimental work by the 
United States Bureau of Mines indicate 7.5 to 12 
gallons of gasoline per ton of coal. This yield is based 
on the coal used for the hydrogenation and that coal 
required in the process for heat and hydrogen pro- 
duction. 
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Synthine Process with natural gas as charge. 
1 Natura] gas charge; 2 Gas purification unit; 3 Gas tube heater; 4 
Oxygen; 5 Oxygen tube heater; 6 Synthesis gas producer; 7 Waste 
heat boiler; 8 Fluid catalyst reactor; 9 Cyclone separator; 10 Wax 
separator; 11 Wax and heavy oil: 12 Cooling water; 13 Condenser; 14 
Water Separator; 15 Waste; 16 Fractionating tower; 17 Naphtha; 18 
Kerosine; 19 Furnace and diesel fuel; 20 Recycle; 21 Stabilizer; 
22 Stabilized gasoline; 23 Gas. 
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The cost per gallon of gasoline in the work carried 
on so far has been between 15 and 18 cents. It should 
be pointed .out, however, that with large-scale units 
and improved methods this cost could be consider- 
ably reduced, but seemingly not sufficiently to compete 
with the synthine process. The installation costs for 
hydrogenation plants are high because of the high 
temperatures and pressures used in thé process. 


Shale Oil 


It is estimated that there are over 100 billion bar- 
rels of shale oil locked up in the shale deposits of the 
United States. This is an amount about five times 
greater than the known reserves of crude oil. Large 
quantities of oil shale are found in Colorado, Utah, 
Wyoming, Kentucky, Ohio and Indiana. Lesser 
amounts are found in other states. The shale richest 
in oil is found in Garfield County, Colorado. 


Unfortunately there are very few scientific data 
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of recent origin available concerning the chemical 
composition or the methods of refining oils recovered 
from shale. Experimental work conducted by the 
Bureau of Mines has been along lines suggested by 
experience in Australia, Scotland and _ Esthonia. 
These have been on a rather small scale as judged 
by American standards. Work now is going on in 
some state universities which promises to add con- 
siderably to the fund of knowledge on this subject, 
particularly as it relates to modern petroleum tech- 
nology. The work authorized by Congress in Public 
Law No. 290 provides for the accumulation of data 
by research in oil shale mining, retorting and refining. 
It also provides for the construction of demonstration 
plants of sufficient size to enable commercial-scale 
operations. 

As a part of the Bureau of Mines’ efforts in the 
shale-oil project, it has prepared a compilation and 
analysis of all patents concerned with the treatment 
of shale oil and its products. Some 2000 patents have 
been studied and they cover all phases of the subject 
of mining and retorting. A major problem in the 
retorting of shale is its coking tendencies when heat 
is applied, A recent patent development is concerned 
with the adaptation of the fluid catalyst technique 
to shale-oil retorting. ; 

Oil, as such, does not exist in oil shale; instead, 
there exists a complex organic substance called 
“kerogen.” This kerogen may be removed from the 
shale by heating in retorts to yield a petroleum-like 
oil. It may be removed also by extraction with or- 
ganic solvents, or by hydrogenation. American shales 
differ considerably as to the amount of oil recover- 
able. An average figure is about one barrel of oil per 
ton of shale. This oil may be refined similarly to 
crude oil, yielding gas, gasoline, kerosine, furnace 
oils, diesel oils, lubricants, and such by-products as 
phenol, cresols, and cresylic acids. 

It is quite possible that the partial processing of 
the shale underground by a process being considered 
by Alabama Power Company will be the means of 
making shale oil competitive with crude oil.® ?% ™ 

Oil-impregnated sands found in some parts of the 
United States and in the Athabaska region of Alberta 
Province, Canada, offer another possible source of 
liquid fuels. Commercial methods of extracting the 
oil from these sands have been developed in Canada. 
The sand oil is said to be of better quality than many 
American crudes, because it has not been subjected 
to high pressure and temperature far beneath the 
earth’s surface. The oil-impregnated sands of Alberta 
have been estimated to contain up to 250 billion bar- 
rels of oil’. 


Liquid Fuels from Agricultural Wastes 


There has been much propaganda and some at- 
tempted legislation designed to support the use of 
alcohol in motor-gasoline blends. The chief purpose 
of such attempts has been to create a market for 
excess production of certain farm crops. 

Unfortunately, while ethyl alcohol has a high 
octane blending value, its cost to date has been far 
too high to justify its use as a motor fuel—even in 
gasoline blends containing 10 percent or less alcohol. 
Further, alcohol has only about two-thirds the heat- 
ing value per pound as compared to the usual hydro- 
carbon fuels, and it is relatively insoluble in gasoline 
unless it is anhydrous. Dilute blends have a tendency 
to separate into two phases under ordinary storage 
conditions in the presence of water or high humidity. 
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The demand for ethyl alcohol has been increasing 
rapidly because of its diversified uses in the manu- 
facture of organic chemicals. This fact results in 
keeping the price high”. 

As a part of the government’s liquid-fuel-research 
program, the Department of Agriculture has a semi- 
commercial plant at Peoria, Illinois, which will estab- 
lish cost data concerning the manufacture of alcohol, 
butanol, acetone, isopropyl alcohol and other by- 
products from corn cobs, and other farm wastes. The 
plant will have a capacity of 500 gallons of alcohol 
per day. Furfural, a chemical used in solvent refining 
of lubricating oil, is one of the valuable by-prod- 
ucts", 

Conclusion 

There are ample sources of raw materials available 
to extend probable needs for liquid fuels beyond a 
thousand years. The known methods of converting 
natural gas into liquid fuels are sufficiently well de- 
veloped that the cost of manufacture will be equal 
to or less than the cost of liquid fuels from crude 
oil—at present prices. 

The manufacturing costs of liquid fuels from coal, 


lignite, oil shale or agricultural wastes are high, re- ° 


sulting in commodity costs of from 5 to 10 cents per 
gallon greater than prevailing prices of liquid fuels 
from crude oil. 

A recent Associated Press release quoting the 
annual report of Director R. R. Sayer of the Bureau 
of Mines said that synthetic gasoline would be on 
the market in this country “within a few years,” and 
that the cost of production from coal and oil shale is 
now between 7% and 9% cents per gallon”. 

When these sources of liquid fuel begin to be used 
more extensively, certain refinery techniques will 
have to be changed. Their use in supplementing 
crude oil supply will have an important effect upon 
the refinery of the future. Just what effect they will 
have can not yet be accurately anticipated, but cer- 
tain trends pointing to future refinery practice can 
be predicted with a fair degree of success. Some of 
these predictions make up the subject matter of the 
tenth and final chapter of this series, “The Refinery 
of the Future,” to appear in an early issue of 
PETROLEUM REFINER. 
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Root Steam Coils Eliminate “Cloud” in 
Lubricating Oil Storage 


C. M. FABIAN, Assistant Superintendent 
Magnolia Petroleum Company Beaumont Refinery 


Fscasines lubricating oils may develop a hazy 
appearance or “cloud” in storage. This cloud may be 
caused by the presence of minute quantities of high- 
melting-point waxes or by moisture. While the wax 
cloud can be eliminated by taking the necessary pre- 
cautions in the course of refining, the cloud arising 
from the presence of moisture may develop in storage 
because of condensation of water vapor from the 
atmosphere. This may be avoided by preventing the 
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possibility of such condensation occurring while the 
oil is in storage. 

Moisture will condense when the temperature of 
the air falls below the dew point, which may easily 
occur in regions where the humidity is high. Further- 
more, tank breathing in certain seasons may be con- 
siderable, thus accounting for accumulation of water 
vapors inside the tank. In order to prevent condensa- 
tion of this moisture, the air in the tank must be kept 
above the dew point and this can be accomplished by 
heating the air space within the tank. This also re- 
duces the amount of breathing. 

_ The problem was solved by installing steam coils 
in the tank roof. The accompanying diagram illus- 
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trates this steam-coil arrangement in one of the stor- 
age tanks. 

The coils are hair-bend type suspended from the 
roof structurals with quarter-inch steel U rods. Other 
details of installation are given in the diagram. Steam 
to these coils is supplied from yard lines and the coil 
return line is trapped. Hand control is quite satis- 
factory for regulating the amount of steam admitted 
to the coils. 
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Section AA 


The above described system has been in operation 
for a number of years and is of proven practical value. 
No clouds, due to moisture, ever develop in these 
tanks. 
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Nomograph for Normal Boiling 


Points of Hydrocarbons 


GEO. E. MAPSTONE, Chief Chemist, National Oil Properties, Lt. 
Glen Davis, N.S.W., Australia 


ee, JEFF, Sherman & Dull’ showed that the nor- 
mal boiling points of 31 homologous series of ali- 
phatic hydrocarbons could be correlated by means of 
the equation 


T = 745.42 log (n+ 4.4) +k 


where T= normal boiling point °C 
n number of carbon atoms in the molecule 
k a constant characteristic of each series. 


Later, Corbin, Alexander and Egloft* showed that a 
similar but more general equation held for the corre- 
lation of the normal boiling points of aromatic hydro- 
carbons 

r \ log (n+ 4.4) +k 
whege IT & n are as before, and a & k are further constants 
characteristic of each series 

These equations are presented in nomograph form, 
the accuracy of the nomograph being approximately 
the same as that of the equations, the observed mean 
deviation for 143 numbers of the 31 aliphate series’ 
being 0.7° C. while that of the 9 aromatic series* was 
not given but would be somewhat greater. 

In order to obtain the optimum accuracy the equa- 
tions for the aliphatic and aromatic series were han- 
dled separately and the two resultant nomographs 
superimposed. 

To use the nomograph the appropriate point for 
the series is first chosen, the points for the aliphatic 
series all lying on the inscribed scale while points 
for the aromatic series appear as a cluster in the mid- 
dle of the chart. This point is then joined with the 
point for the number of carbon atoms in the mole- 
cule and the line extended to give the normal boiling 
point of the hydrocarbon. 

Conversely the nomograph may be used to find 
the component of any series within a given boiling 
range by connecting the temperature and the series 
point, the number of carbon atoms in the hydrocar- 
bon then being obtained directly. 
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Series 


Alkane 
2-Methylalkane 
3-Methylalkane 
4-Methylalkane 
3-Ethylalkane 
2,2-Dimethylalkane 
2,3-Dimethylalkane 
2,4-Dimethylalkane 
2,5-Dimethylalkane 
2,6-Dimethylalkane 
2,7-Dimethylalkane 
3,3-Dimethylalkane 
3,6-Dimethylalkane 
7,8-Dimethylalkane 


1-Alkene 
cis-2-Alkene 
trans-2-Alkene 
2-Methyl-1-Alkene 
3-Methyl-1-alkene 
4-Methyl-1-alkene 
2-Methyl-2-alkene 
2,3-Dimethyl-1-alkene 
2,4-Dimethyl-1-alkene 
2,5-Dimethyl-1-alkene 
2,6-Dimethyl-1-alkene 
3,3-Dimethyl-1-alkene 
3,4-Dimethyl-1-alkene 
3,5-Dimethyl-1-alkene 
3,7-Dimethyl-1-alkene 
4,4-Dimethyl-1-alkene 
2,3-Dimethyl-2-alkene 
2,4-Dimethy!l-2-alkene 
2,5-Dimethy!-2-alkene 
2,6-Dimethyl-2-alkene 
1,2-Alkadiene 
C=C-(C).-C=C. 


1-Alkyne 


Series 

1 phenyl alkane 

2 phenyl alkane 

1 phenyl 1 alkene 

1 phenyl (n-1) alkene 
1 phenyl 1 alkyne 
1.1 diphenyl alkane 
I.n. diphenyl alkane 
1.1 diphenyl alkene 
phenyl cyclane 


KEY 
ALIPHATIC SERIES 
ALKANES 


ALKENES 


ALKYNE 


KEY 
AROMATIC SERIES 
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Scale Point 


0.0 
—8.2 
—6.6 
—8.3 
—6.7 
—19.0 

—9.6 
—15.0 
—15.6 
—148 
—14.4 
—13.8 
—14.2 
—18.3 


—5.6 
0.0 
—0.3 
—6.5 
—148 
—11.9 
—2.9 
—148 
—15.3 
—14.1 
—15.5 
—21.4 
—12.4 
—20.2 
—20.2 
—19.1 
—5.8 
—16 
—13.4 
—11.6 
+8.6 
—8.5 


+-2.5 


Point No. 
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Chemical Constitution and Aromatic Groups 
ln Petroleum Lubricants 


Part 2* 


C. ZERBE and K. FALKENS 
Translated by E. J. Barth, Petroleum Technologist from Brennst. Chem. Vol. 16, No. 9 (P. 161, etc.) 


| F PART I of our contribution’ on the aromatic 
constituents of petroleum oils we described the re- 
sults showing the chemical constituents present in the 
liquid SO, extract resulting from extracting a spindle- 
oil. We showed that the constituents were aromatic 
in nature; the aromatics were distributed throughout 
the extract from low-to high-boiling-point hydrocar- 
bons as separated by us in a series of high-vacuum 
distillations. These cuts showed various viscosities. 
These oils, in the form of fractions, cannot exactly be 
used as commercial lubricants due to their high sul- 


TABLE 1 


complete cracking or complete non-cracking hydro- 
genation, depending on the working conditions of 
temperature, time, naturé of the catalyst, etc. In the 
case of straight hydrogenation one would expect im- 
provements in the quality of the lubricants. In the 
case of cracking-hydrogenation one expects to obtain 
valuable low-boiling-point hydrocarbons suitable for 
high-grade motor-fuel production. In our work we 
sought especially to preserve the lubricant nature of 
the oil and not to destroy any inherent viscosity. The 
hydrogenations therefore were carried. out with and 


Hydrogenation of Raw E-Extract Without Catalyst 
































(Quantity used: 200 gm.; preheating 1 hr.; catalyst: 10 gm.; time at highest temperature: 2 hrs.) 
DISTRIBUTION OF PRODUCT 
He | - _ 
| PRESS. | YIELD Press.| At 13 m.m. At 4 mm. 
|__ 
| | |used| —1sec. | —200C€. 20C. | —250C. 
| Imit. | Max. | | Up | a ——| ——| —,———|Res.+| %& 
Ne. |< | (Atm.)) [(Atm.)| ® Dis. |(atm.) | aH Dis. | %& Dis. | % | Dis % | Dis. | Less} S. , ° 
;  430| 60 | 180| 91 | 09s) 10 | 22 | ost] 30 | 10 | 14 | 101! 18 | 1.01/ 60 | 20 
2 | 470} 60 | 170] 90 | 0.982) 15 | 30 | 0.85 | 35 | 0.960) 19 | 1.00) 18 | 101 | 80 | 17 
3 | 470 | 60 “1 170 | 90 | 0.980} 15 | 28 | 0.86 | 34 | 0,960) 19 | 1.00/ 11 | 1.01 | 80 | 17 
| | | 
TABLE 2 


(Quantity: 


200 gm.; 


Hydrogenation of E-Extract With lodine. 


preheating 2 hrs,; time at maximum temperature: 2 hrs.) 











: DISTRIBUTION oF PRODUCT 








i 
PRESS. YIELD Press.| At 13, m.m. At 41 m.m. 
Used| —150C. | —200€ —200 C 250 C. 

Init. | Max. a> Jp |— ——— , ———_|—__ .—- --———|Res.+| % 
No. | °C. |(Atm.)|(Atm.)) Ge | Dis. | atm.) % | Dis. G% | Dis. | % | Dis. | % | Dis. | Loss| S 
mol eo | “ 90 | 0.980| 18 | 20 | 082] 23 | 10] 18 | 10| 33 6.0} 22 
2 | 430) 60 170 | 90 | 0.970) 20 | 30 | 0.85 | 34 | 0.96 | 20 10; 8 8.2] 1.8 
3 470 | 60 | 160| 90 | 0.970; 30 | 35 | o84| 36 | 0.93| 14 1.0 | 9 71 | 18 
































phur content, steep viscosity curves (low viscosity- 
index) instability, and a great tendency to form resins 
and asphalts on slight oxidation. The possibilities for 
employing these E-extracts, as is, commercially, 
therefore, are very limited. Usually they are sold as 
fuel oils—not due to any lubricant value which they 
might possess but merely to their high calorific value. 

We knew that by adding hydrogen we could in- 
crease the viscosity and viscosity-index of these ex- 
tracts*; but it is also known that unstable compounds 
can, by hydrogenation, be converted to stable ma- 
terial besides reducing the sulphur content. We 
therefore investigated hydrogenation under pressure. 

One can control this operation either to obtain 


* Part 1, Petroleum Refiner 26; 101 (Feb., 1947). 
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without catalysts in temperature ranges wherein 
splitting would not occur. 


(A) Hydrogenation Without Catalysts. 


In this series we used no catalyst and studied the 
behavior of E-extract in the range of 350-400° C. 
temperature. These tests showed at once that under 
these conditions we obtained no addition of-hydrogen 
and no valuable improvement in quality of the oil. 

In order to obtain any addition of hydrogen at all 
one must employ temperatures of over 400° €., and 
here appreciable cracking will occur. For instance, at 
430° C. despite consuming 10 atm. of hydrogen, we 
obtained reaction products which consisted of low- 
boiling-point aromatics as shown by specific gravity, 
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refractive index, and boiling-point range. (Text No. 
1); at 470° C. the consumption of hydrogen is some- 
what greater (15 atm.), and cracking increases (Test 
No. 2). Addition of a sulphur-combining catalyst to 
remove large amounts of hydrogen sulphide is with- 
out effect (Test No. 3); the sulphur content of the 
hydrogenated product is 1.8 percent on the average, 
a reduction of about 50 percent over that of the 
original raw material. 


(B) Hydrogenation With Catalysts. 

By the use of catalysts substantial addition of 
hydrogen takes place. As catalysts we employed 
elementary iron and the sulphides of molybdenum, 
and investigated these thoroughly since they showed 
to be the most promising in much of our previous 
work. 

(1) Iodine as catalyst. (See Table 2) 

Using iodine one obtains at 350° C. a substantial 
addition of hydrogen as compared to runs at 350° C. 
without catalyst; this temperature, however, still 
does not secure a sufficient improvement in the oils— 
that is, the production of high-grade lubricants. For 
that purpose we had to employ temperatures of over 


360° C., which far surpasses the quantity and results 
obtained at 400° C. The hydro-products then are far 
more stable, contain very much less low-boiling-point 
benzole derivatives, and the higher-boiling-point frac- 
tions, especially, show excellent high viscosity. The 
sulphur contents could not, however, be further re- 
duced than shown in Tables 1 and 2. This observation 
agrees with results Roberti® found in the case of 
Ragusa shale-oil. 

After our runs with the total extract had indicated 
optimum conditions for hydrogen-addition, we pro- 
ceeded with and enlarged the number of experiments 
with the individual fractions. (See Table 4.) 

As shown by the results in Table 4, one will note 
in the case of these individual fractions that far- 
reaching splitting is occurring at temperatures over 
400° C. into benzole-like low-boiling-point hydro- 
carbons. 

Maintaining the reaction-temperature constant at 
not over 350° C., other conditions being equal, the 
hydrogenation will predominate. With increase in 
boiling-point of the cut, and simultaneous rise in 
specific gravity of the reaction product there is a 
diminuation of hydrogen-absorption for each cut. The 

















: TABLE 3 
Hydrogenation of Raw E-Extract in Presence of Molybdenum.* 
(Quantity: 200 gms.; preheat time: 2 hrs.; time at maximum temp.: 2 hrs.) 

| 8 DISTRIBUTION OF PRODUCT 

| 2 ——— — |; —— —— — — — —_ 

| PRESS YIELD Press. At 13 m.m. At4 mm 

"| Used| —150C. | —200C. | —200C —250 € 

Init. | Max. Up |——|1— a an OEP Be LP Res.+| % 
Ne. | °C. |(Atm.)|(Atm.)| % Dis. |(atm.)| % Dis. % Dis. K Dis % Dis. | Loss| S 
1 360 | 60 140 | 92 0.970; 30 20 0.82 | 23 1.0 21 1,0 30 1.01 6.0 2.1 
2 400 | 60 150 | 90 0.968) 40 16 0.85 | 45 0.94 15 0.99 16 1.00 8.0 1.9 
3 430 | 60 150 | 90 0.968} 60 18 0.85 | 50 0.93 18 0.96 6 1,00 8.0 1.8 
* | 360] 60 140 | 91 | 0.970) 50 21 0.83 | 26 1.0 19 1,00 | 28 1.01 6.0 1.9 









































* Using molybdenum sulphide. 


100° C. which was high enough to cause cracking, 
and a good portion of high-viscosity material was 
destroyed. 

As to sulphur content, the reaction products show 
no difference from the reaction products made with- 
out the catalyst. 

(2) Molybdenum as Catalyst. (See Table 3) 

Sulphides of molybdenum showed much better 
catalytic activity than iodine. Due to the high sulphur 
content of the raw stocks we could employ molybdic 
acid instead of molybdenum sulphide; the acid com- 
bines, during the hydrogenation, with the sulphur 
which splits off, forming a molybdenum sulphide in 
the reaction mixture. This form of the sulphide seems 
to be quite superior to commercial MoS,. 

The activation of the catalyst by sulphur com- 
mences at about 300° C. and is completed quite 
rapidly. ; 

Using molybdenum catalysts one notes appreciable 
splitting at 400° C., which is noticeable by a very 
sudden rise in pressure due to formation of consider- 
able methane-type hydrocarbons in the reaction- 
gases. In order to prevent injury to the apparatus 
alkali-flux was employed to combine with the hydro- 
gen sulphide. This material which is added does not 
affect -the catalyst. Silica gel was found to be the 
best supporter for the molybdenum. 

When one hydrogenates one of the primary dis- 
tillates from the distillation instead of the E-extract 
itself, there is a definite addition of hydrogen at 
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higher-boiling-point fractions of the E-extract show, 
therefore, a more saturated nature and are more diffi- 
cult to hydrogenate. 

Parallel with this resistance to hydrogenation there 
is the stability of the molecule itself. Following from 


TABLE 4 


Hydrogenation of Fractions of E-Extract with Molybdenum 
and 10 gm. Alkali-Fiux. 





































































































(Quantity: 200 gm.; preheat time: 1 hr.; time at maximum tempera- 
ture: 2 hrs.) 
PRESS. (Atm.) |H2 Used YIELD 
| Test | Max. ———| Up |————,————| Res. + 
Cut No. a Initial | Max (Atm.) % Dis. Less | %—S 
1. | 1 | 420 80 | 190 80 89 | 0.920 7.0 13 
1 2 350 80 170 50 90 0.940 6.0 2.0 
2... | 3 | 400 80 170 75 86 | 0.920 3.0 1.6 
4 4 350 80 170 45 90 0.960 8.0 2.0 
4 i | 350 80 170 40 90 0.980 5.0 2.1 
5 6 350 80 170 35 91 0.981 6.0 2.3 
6. | 7 | 350 80 190 35 90 0.986 5.0 25 
a 8 | | ie 30 90 0.986 4.0 | 2.6 
s DISTRIBUTION OF PRODUCT 
At 13 m.m : At 4 m.m. 

be ~150 C | —200C 200 C. ~250 € 

| est |——, ——_ |. ——_— | ——_— | — — |, -— — -- | | ——— |-—- — oe —_a 
Cut No. | % | Dis. | Ndoo | % | Dis. | Ndeo | % | Dis. | Nd2oo| & Dis 
l 1 67 | 0.88 | 1.496) 23 | 0.920) 1.520) 3] 1.01 | 1.5384] ....]... 
1 2 | 12] 0.89 | 1.496) 18 | 0.929) 1.520) 36) 1.00) .... | 28.0] 1.01 
2 3 | 60] 0.88 | 1.497) 21 | 0.930) 1.502} 16] 1.00] .... |..... pans 
4 4 10 | 0.89 | 1.496) 16 | 0.930) 1.550 1.00 26 1.01 
4 5 | 10| 0.89 | 1.497) 15 | 0.930) .... | 41 | 1.00 29 1.01 
5 6 8 | 0.86 | 1.495) 15 | 0.929) . 40; 1.00 31 1.01 
6 7 5 | 0.89 | 1.496) 15 | 0.940) . 50 | 0.99 25 1.01 
9 oe 2! 0.88 | 1.497) 12} 0.940) . 51 1.00 31 1,02 

} | 
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that, one notes a lesser and lesser tendency toward 
cracking in the case of the higher fractions. The auto- 
clave products contain, therefore, much less low- 
boiling-point hydrocarbons and there is less methane 
in the reaction gases. The higher-boiling-point sul- 
phur compounds also are much more stable, as shown 
by the increasing sulphur contents of the higher cuts 
as found in the autoclave contents. 

The loss of about 10 percent in the whole operation 
is due to cracking. The especially high content of 
methane-hydrocarbons in the reaction gases, which 
amounts to about 50 percent after the first period of 
heating, and about 20 percent after the second heat- 
ing period, points to the fact that a considerable 
amount of aliphatic side-chain material is split off. 
This had been followed and proven by optical meas- 
urements. Nevertheless, one obtains in the case of 
high-boiling-point portions of the hydro-product oils 
whose viscosities are much heavier than the cor- 
responding boiling-point cuts of the raw crude ma- 
terial. We cannot ascribe at this time what this is 
due to—perhaps to hydrogenation in presence of 
sulphur, or to stabilization and polymerizations which 
proceed due to the polymerization effects of sulphur 
itself. Compounds which diminish viscosity or which 
thin out heavy oils also probably are destroyed by 
the cracking which takes place. 

The hydro-products show, in comparison to the 
true paraffinic petroleum oils, quite a decrease of vis- 
cosity with rise in temperature. This decrease is, 
however, much less pronounced than in the case of 
the raw crude material. The oils are completely 
stable, do not darken on standing, and have lost all 
tendency to form resin or pitchy matter on heating. 


Summary 

The behavior of an E-extract of an asphalt base 
spindle-oil during hydrogenation with and without 
catalysts has been investigated. Proceeding with the 
hydrogenation below 400° C. with molybdenum sul- 
phide as catalyst, one preserves viscosity very well, 
obtaining viscous oils which are very stable. The 
viscosity increases in the higher fractions and the 
curves show more desirable material now than is 
present in the crude raw extract. 


124 = {146} 


At temperatures of over 450° C. cracking predomi- 
nates, obtaining principaliy low-boiling-point ben- 
zole-like hydrocarbons. 

The crude raw stock has been described in Part I. 


The pressure vessel holding charges of 200 gms. of 
raw material consisted of a high-pressure shaking 
autoclave of V.A steel, of 500 c. c. capacity, and 
sealed with special iron disks.* 

The autoclave was placed in a special oven which 
is heated by gas. Temperatures were read with a 
nickel-copper thermo-element, inserted in a porcelain 
insulator-rod entering the cover of the bomb through 
a well in the center, and reaching into the reaction 
space of the bomb itself. One to two hours were nec- 
essary to reach reaction temperatures. Maximum 
temperatures were held constant two hours. 

When we used the molybdenum catalyst we found 
it necessary to cool the apparatus after the first heat- 
ing and vent the waste reaction gases and start up 
again after pumping in a fresh supply of hydrogen. 
An original charge of hydrogen at the start was 
found to be insufficient. 

As source of hydrogen we employed electrolytic 
hydrogen. Reaction product was poured out of the 
vessel after finishing. The catalyst was removed by 
filtration. The percent methane and hydrogen was 
determined in the spent reaction gas after every run. 

Using iodine as catalyst we would “activate” the 
autoclave; that is, in the case of naphthalene using 
0.05 gm. iodine hydrogenation was continued until all 
the naphthalene had been completely converted in 
fluid products at 430° C., 100 atmospheres, and within 
two-hours reaction time. To accomplish this it was 
necessary to repeat the operation seven times; 0.05 
gm. iodine were also used for the E-extract hydro- 
genations. 

The molybdenum catalyst was prepared by evapo- 
rating to dryness a mixture of 5 gm. molybdic acid 
with 10 gm. silica-gel, and 25 c. c. distilled water. 
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Analysis of Stresses 
In U-Bend Pipe trame 


JESSE YEAKEL, Structural Engineer 


A AN alternative to the solution of stresses due 
to expansion in U-bends in piping layouts by the use 
of charts such as given in piping catalogs and hand- 
books, the following method is offered. 

This method is suggested by the column-analogy 
theory in the solution of indeterminate structures. To 
illustrate the method, an example is given below. The 
illustration is of a very simple form, but the theory 
itself could be applied to more complicated cases. 

It is assumed that the dimensions of the bend, the 
pipe size, and the magnitude of the distortion, 4, are 
known. The stresses and forces caused by the distor- 
tion are to be found. The steps to be taken: 

(1) Locate the centroid of the frame. This locates the 
amis A= &. 


i) 


Determine the moment of inertia of the frame, Ix-x. 
Determine the magnitude of an imaginary force H in the 
formula 


7) 


at a AEFI ; 
| 
where E is the modulus of elasticity of the material and 
I is the moment of inertia of the pipe section of which 
the frame is made. 
Calculate the moment at any desired point in the frame 
by means of the formula M=Hy, where M is the 
moment at the point whose distance from axis x —x 


(4 


is -¥. 
Calculate the force at the anchor by statics. 
(6) Calculate the flexural stress at any point in the frame by 


My 


wn 


the formula ft i , where f;: = tensile unit stress, 


compressive unit stress, M = moment at the point 


in question, and section modulus of the pipe. 


- 

/llustration: The assumed dimensions and pipe sizes 
are as shown in Figure 1.. 4=.9”, which is about 
equivalent to the expansion for 700° F. 
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FIGURE 1 


The necessary calculations follow, and are labeled 
with numbers given the six steps previously listed. 
(1 


Moments of the individual elements of the frame are 
taken about the base line. Since the cross-section of the 
pipe is uniform throughout the frame, the width of the 
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pipe is taken as unity. The two rounded corners from 
a half-circle whose center of gravity is 14 inches above 
the horizontal diameter. 


2 X 130= 260 
2X 33= 66 66.< 144= 9,504 
1 X 198 = 198 198 X 151 = 29,898 


524 56,302 





56,302 
«52 
Distances from the x —x axis to the centroids of the 
elements of the frame can now be determined. They 
are shown in Figure 1. Calculations for Ix-x should be 
made next, and are given below. No explanation seems 
necessary except to remind the reader that the moment 
of inertia of an element about the x—x axis is equal 
to I+ ah’, where I is the moment of inertia of the 
element about its own center of gravity, a is the area 
of the element, and h is the distance from the x —x 
axis to the center of gravity of the element. Also, the 
moment of inertia of the half-circle formed by the two 
corners about its own center of gravity is 2500. The 
frame is considered fixed at a and f. 


2xt xX 130" 366,000 


2x 130 43? = 480,700 
. half-circle — 2,500 


=108”, distance of x — x axis above base line. 


N 


66 X 36° 85,500 
198 X 43° 366,100 


Is. = 1,300,800 
AEI _ .9 X 30,000,000 X 372.8 _ y749.4 


(3). A= : 
I.-x 1,300,800 
(4) Moment at a, where y = 108”, is Ma=7740 X 108 = 
835,900" # | 
Moment at b is M» = 7740 X 22 = 170,300" # 
Moment at c is Me = 7740 K 43 = 332,800" # 
Moments at d, e and f are the same as at c, b anda 
respectively. 
(5) The force at a is 
Me+Ms — 779g 
130 
The force at f is the same, but in the opposite direction. 
It will be noticed that this is the same as the value of 
H found in (3). 








(6) Stress in pipe at a= 835,900_ — 15,700 psi. 
53.2 

Stress in pipe at b= 170,300_ — 3,200 psi. 
53.2 

? ; 

Stress in pipe at c= Soe = 6,300 psi. 
$3.2 


It should be stated that the stresses and forces de- 
termined here are for the effect of the expansion only, 
and not for any loads due to weight of the pipe or the 
flow of materials within the pipe. Also, the frame is 
restrained against turning at points a and f, but not 
at any point between. 

The method outlined here can be applied to a bend 
of any shape so long as there is an axis of symmetry 
at right angles to the direction of the distortion. It 
can be used for any elastic material so long as the 
distortion is within the elastic limit of the material. 
If there is no axis of symmetry—for instance if the 
side legs were unequal in length—a solution could 
also be found by the column analogy theory, and the 
procedure would be only slightly more complicated 
than shown here. 

It will be noted that this method automatically 
takes into account the effect of the rounded corners. 
It is not necessary, as in some methods, to calculate 
for square corners and then make an adjustment for 
the rounding of the corners. Also much greater 
accuracy can be attained than is possible with the use 
of charts. This is of minor importance in the case of 
small pipe sizes, but. in some cases where the pipe 
section is heavy and distances are relatively great, 
more accuracy may be desirable. 
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Physical Chemistry of 


Lubricating Oils 


V. THE STATISTICAL ANALYSIS OF LUBRICATING OILS 


A. BONDI 


 — the past fifteen vears considerable prog- 
ress has been made in the elucidation of the composi- 
tion of lubricating oils. The realiaztion that separation 
of lubricating oils into individual compounds, or even 
the isolation out of same of well-defined chemical 
substances in the conventional manner of organic 
_ chemistry was entirely hopeless, and had to be re- 
placed by fundamentally new methods of attack.was 
the first step in the direction which has since proven 
fruitful. The new method, introduction of which is 
difficult to trace, embodies two separate lines of at- 
tack: (a) The determination of the statistical distri- 
bution of molecule sizes and chemical-bond types 
in the oil fraction under consideration, and (b) The 
synthesis of hydrocarbons similar in chemical con- 
stitution to the “average” determined by methods 
(a) and comparison of their physical properties with 
those of the oil fraction. The narrower the molecule 
size and type range of the recovered lube fraction, the 
more likely it is that its constituents resemble the 
model hydrocarbon in chemical structure. Various 
steps of this physico-chemical method of analysis 
will be outlined in the following paragraphs. 


V. 1 Molecule Size Distribution in Lubricating Oil 
Fraction (Distillation Analysis) 


The average molecular weight of lubricating oils 
has, during the past few years, developed out of a 
curiosity into a significant physical constant. This is 
mainly due to the fact that the various methods of 
analysis for “chemical-bond distribution,” which will 
be discussed later on, require a knowledge of the 
average molecular weight. The standard methods of 
determination (either by ebulliometry or cryoscopy) 
have been investigated by a number of authors***** 
as to their suitability for lubricating-oil analysis. 
They found,’***** and this is a bit disconcerting, 
various types of lubricating gils to interact with the 
solvent used in a somewhat unpredictable manner. 
They advise, therefore, either to make the determina- 
tion at more than one concentration and extrapolate 
to zero concentration (and even then there will be 
discrepancies between cryoscopic and ebulliometric 
measurements) or to standardize on just one method 
to obtain self-consistent results. All of these methods 
are based on the validity of Raoult’s law for the solu- 
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tion of lubricating oil in the solvent, which gives the 
molecular weight M by 
T ¢ 

~ (1) 
AH 1000cs AI 
where T= melting (or boiling) point in ° K, 4H = latent 
heat of fusion (or vaporization) of solvent, AT = melting point 
depression (or boiling point increase) in ° C, cr = gram of 
lubricating oil, cs = grams of solvent. 


The technique and appropriate precautions which 
have to be observed in the actual determination are 
discussed in the references given and in most text- 
books on physico-chemical methods of analysis. At- 
tention is here called to the nature of the “molecular 
weight” so determined. The use of Raoult’s law in 
the derivation of Equation (1) implies that we ac- 
tually do not determine the molecular weight, but 
the number of molecules per unit weight, or better, 
the weight of a certain number, N, of molecules 
(N = 6.02 & 10**). For pure substances the weight 
of N molecules is equal to the “chemical” molecular 
weight, and M/N=m-=mass per molecule, Such 
reasoning does not apply to mixtures. The “average 
molecular weight” M® of a mixture, such as lubricat- 
ing oil, is not the arithmetical average of the molec- 
ular weights of all components but is given by 


100 P; P: Ps 

. 3 = ‘or 7 
M* —_ M, + M: —_ M; + eeoeeeeersens (2) 
where P; = weight percentage of each component. 


This means that the mean molecular weight of a 
mixture of 50 percent of a substance with M = 250 
and 50 percent of M=500, if determined by any 
method derived from Raoult’s law will not give M = 
375 but M* = 330! In high polymer chemistry where 
one also always deals with mixtures, M* is generally 
known as “number-average molecular weight.” For 
pure compounds this and the “weight-average molec- 
ular weight” M” are of course alike, but for mixtures 
(MWY — M®)>O and increases with increasing width 
of molecule size distribution. A 1:1 mixture of bright 
stock cylinder oil (M800) and neutral oil (M=> 
300) would give MN=440 and M*®=550. Com- 
parison with the example given above shows the 
rapid divergence of the two average molecular 
weights with “inhomogeneity” of the blend. As man) 
other physical properties of mixtures, such as vapor 
pressure and viscosity, very often are dominated by 
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the property of the low-molecular-weight component, 
the dominating influence of the low-molecular-weight 
components on the number-average molecular weight 
is not of any serious consequence. For the proper in- 
terpretation of data, however, it is well to keep in 


materials (of relatively low M) as lube oils. The 
molecular weight determination by viscometry of 
dilute solutions of lubricating oils in toluene has 
been proposed by Tausz,*** but mathematical analysis 
of his data by the reviewer proved that the specific 





Distribution curves (a V/dT v3 T) 
--~—~Disttilation curves (% 43 T) 

A> Coastal Oil (~ 200c3@ 00°F) 

B  ParafPinic Oil (~200¢s @ K0*F) 








¥acuum distillation curves and derived distribution curves 
of various lubricating als (Constructed fom data by Freund ) 


2 + Blend of Penna Neutral and Bright Stack (-350¢c3 @/00°F ) 
« All distillation @ - 0! mm Hg Gominal ) 
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FIGURE 29 


mind that nearly all average molecular-weight data 
of lubricating oils in the literature are derived by ap- 
plication of Raoult’s law and are therefore ‘“number- 
average molecular weights.” MY could be determined 
by measuring the sedimentation rate in an ultra cen- 
trifuge, the scattering of light, or the viscosity of 
difute solutions. The sedimentation rate of lubricat- 
ing oils out of solutions has not yet been reported, 
although the separability of bright stocks out of 
petroleum-ether solutions by means of ultra centri- 
fuge has been observed. The light-scattering method 
is not very promising for such strongly fluorescing 


TABLE 38 


Boiling Points of Various Hydrocarbons as Function of Their 
Molecular Weight. 





| B.P. @1 mm. of | | Highest 








Maximum Number | Lowest | Observed 
Hydrocarbons of Compounds Observed | In Group 
Co4 195 °C. +5 °C. 181 210.5 
Cos 202 °C. +5 °C. | 180 | 212 | 
C26 207 °C. +5 °C. ae PEG 
Cos ‘x 212 °C. +5 °C. 209 220 | 
C30 222 °C. +5 °C. a 
Cae 23 C.45%C. | ; 242 «| 
C43 235 °C. . . | 
C45 250 °C. ee Tet ad 
Cas 308 °C. Kom : 
TABLE 39 


Vapor Pressure and Latent Heat of Varporization of Various 
Hydrocarbons as Function of Their Molecular structure. 











| B.P. @1 
4 | mm. Pres- AHvap Abivap 
sure (Cal/mole) (Cal./G) 
EL-5—(2—Et—But)—Octadecane. .. 180 °C. 20,900 57 
11—Neo penty! heneicosane........ 189 °C. 22,000 60 
11—Cyclo pentyl heneicosane....... | 198 °C. 21,850 60 
5—Cyclo hexy! eicosane............ 202 °C 23,300 64 
2—Cyclo hexyl eicosane............ 207 °C 23,700 65 
1—Cyclo hexyl eicosane............ 212 °C 22,600 62 
l— Phenyl] eicoeane. .........4..++. 205 °C 22,600 
1.1—Dipheny] tetradecane......... 207 °C 23,400 66.7 
n—Hexacosane.............- ys 205 °C 22,400 61 
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effects of molecular interaction between solvent and 
solute on viscosity are too strong to make this 
method appear reliable. 

The next question is for the molecule-size distri- 
bution in the lubricating oil sample at hand. Of the 
many fractionating methods which are available, 
hardly any can be considered aS separating lube oil 
components by molecular weight only. A .more or 
less pronounced effect of-“group” separation is always 
superimposed upon the fractionation results. Molec- 
ular (short path) distillation comes closest to the 
ideal, since here the “distillability”’’*® depends on 
the ratio P/\/M, p= vapor pressure of component 
and M its molecular weight. Due to the nature of 
the operation the achievable degree of separation is 
very low, however. The next best method is ordi- 
nary vacuum distillation, the effectiveness of which 
is based on the vapor-pressure. ratios of the compo- 
nents. It so happens that the vapor pressure of the 
higher hydrocarbons depends more on the molecular 
weight than on chemical constitution (Table 38); 
distillation curves provide, therefore, a fairly good 
picture of the mole-size distribution. All other meth- 
ods foliow in the order (steam vaporization, gas- 
precipitation, adsorption, extraction) as to their abil- 
ity to resolve a hydrocarbon mixture according to 
the molecular weight of its components. As much 
as the boiling point of higher-molecular-weight hy- 
drocarbons is conditioned by the molecular weight, 
one should always remember that it is still to some 
extent affected by the chemical constitution. The 
data on Table 39 bring this out quite clearly. An- 
other, but not quite as important a point, is the dif- 
ference in 4Hy, the heat of evaporation, between the 
various types of hydrocarbons, the effect of which is, 
that the properties and composition of the distillation 
fractions of a lubricating oil may vary somewhat, 
depending upon the absolute pressure at which the 
separation had been performed. As a rule it will be 
found that boiling points and 4Hy increase in the 
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order paraffinic naphthenic < aromatic < condensed 
ring aromatic and naphthenic hydrocarbons. 

Being fully conscious of the limitations thus im- 
posed upon the evaluation of such data, we proceed 
to the inspection of vacuum-distillation curves of lu- 
bricating oils. These are the most readily available 
representation of the molecule-size distribution in 
oils. The usual distillation charts on which T is 
plotted vs. percent distilled are not very instructive 
when there are no “plateaus,” and look indeed very 
much alike. The method of plotting dV/dT vs. T 
which has been suggested by Lederer’ provides us 


on Figure 29. Sometimes the temperatures of dis- 
tillation or “boiling points” of the various fractions 
have not been given, then the molecular weight can 
be employed as independent variable and a distribu- 
tion function dV/dM vs. M be constructed. If instead 
of vacuum distillation, steam distillation at uniform 
temperature had been used to obtain an analysis of 
the composition of the fraction at hand, the distri- 


: . d\ 
bution curve can be obtained by plotting R VS: R, 
( 


where R= Ratio of water to oil weight distilled. 
From some such data’! Figure 31 has been con- 





Figure 3O 

Dishilabon and molecular weght Distribulion curve of a 
Rodessa Neutral (from data by Fenske ef al 
(Cryascopic average Nolecular weight of fraction 397) 
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with a much better picture of the sought distribution 
function, as is evidenced from Figures 29 and 30. 
Those graphs do not only permit an interesting con- 
trol of the efficiency of fractionation procedures used 
by the refiner but also indicate whether the sample 
at hand is a blend or a single fraction. If an oil had 
been blended up out of fractions differing widely in 
boiling range, as is common practice in lube-oil 
manufacturing, one can estimate from the dV/dT 
vs. T graph the percentage of “low”- and “high’’-boil- 
ing material employed by the supplier, as is indicated 


ty 


8 {150} 


FIGURE 31 


structed. If the vapor pressure of the fraction had 
also been measured, the molecular weight could be 
calculated readily from R by Dalton’s law. 

For the technical evaluation of lubricating oils, 
there is little need of distillation analysis, any one ol 
the many evaporation tests usually giving sufficient 
information about their volatility. Only if informa- 
tion about the presence of residual oils is desired 
or refining procedures be prepared, does vacuum or 
steam distillation find application in the control lab- 
oratory. Correlation between distillation results and 
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carbon-forming tendency of lubricating oils as was 
once proposed’” has proven of little value. We know 
now*® that carbon formation is essentially a function 
of the concentration of non-hydrocarbons and highly 
condensed cyclic hydrocarbons which can be sep- 
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Waterman-Graph relating Aniline point-specification refractivity- 
average Molecular weight of saturated hydrocarbons. 
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arated as “petroleum-resins” by selective adsorption. 

For the investigation of lube-oil composition it is, 
however, important to obtain a clear picture of the 
molecule-size distribution in the sample at hand (if 
it is not possible to produce—as is most desirable— 
very “narrow” cut fractions) for the proper inter- 
pretation of the other physical data. As we have seen, 
distillation curves can provide us with such picture. 


V. 2 Hydrocarbon Type Distribution 


Following separation of a lubricating oil into a 
number of fairly “homogeneous” fractions with re- 
spect to molecular-weight distribution there are two 
ways open for the separation of these fractions into 
portions enriched in certain hydrocarbon types. One 
way is selective adsorption, the other selective ex- 
traction. As we shall see in Section VI, both methods 
tend to separate aromatic from completely saturated 
compounds. Adsorption is especially suited to the 
removal of aromatic and non-hydrocarbons from all 
other compounds, while extraction with selective 
solvents permits subsequent subdivision into naph- 
thenes and paraffinic substances. At this point we 
shall digress for a while to discuss the presently avail- 
able schemes for the 


V. 3 Chemical Bond Distribution Analysis in Lu- 
bricating Oils 
The recognition of the impossibility to isolate in- 
dividual chemical compounds from lubricating oils, 
regardless how clpse the boiling range and how far 
the degree of uniformity of composition could be 
driven, brought to the forefront those methods of 
analysis which would indicate the relative distribu- 
tion of aromatic, naphthenic, and paraffinic com- 
pounds in hydrocarbon mixtures. Chemical methods, 
such as successive sulfonation of olefines and aro- 
matics, which had proven quite successful in gasoline 
analysis, were also applied to lubricating oils*** us- 
ually in connection with measurement of refractivity 
and aniline points—but did not always yield consis- 
tent results. The difficulty of selecting a sulfuric 
acid treatment which was sufficiently drastic to re- 
move all aromatic compounds and at the same time 
not to attack anv of the saturated compounds became 
nearly unsurmountable. The fact that a number of lu- 
bricating oils, such as certain Pennsylvania stocks 
and many bright stock blends cannot at all be freed 
quantitatively from aromatics by acid treatment and 
the akwardness of the entire procedure led to the 
complete abandonment of chemical methods in lu- 
bricating-oil analysis. Recourse has instead been 
taken to the evaluation of physical properties with 
the help of statistical methods. The first complete 
analysis of this type was proposed by Waterman 
and his associates.** It enjoys still today a large 
measure of popularity in spite of a number of serious 
shortcomings, For the calculation of percent carbon 
in aromatic, naphthenic and paraffinic bonding, there 
gravity dz. refractive in- 
20 : 

dex nj, average molecular weight M”, aniline point 
°C (before and after hydrogenation of oil). The 
method is based on the relationship between specific 
refraction [r], which was mentioned in Section IV. 3 
and chemical bonds of saturated hydrocarbons. The 
change (increase) in aniline points by hydrogenation 
is a measure of the percentage of carbon atoms in 
aromatic rings. After having made a large number 
of determinations, Waterman found that the hydro- 
genation could—at the expense of some accuracy— 


are required: specific 
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Nomographic charts for solution of general equations. 
A, hk = 201.6r — 1.6978y — 42.02 
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(From Deanesley and Carleton.) 


be dispensed with, and the procedure is now as fol- 
lows: 

Determine the hypothetical aniline point P; corre- 
sponding to the [r].». and the M* of the sample from 
Figure 32. Multiply the difference between this hypo- 
thetical aniline point and the observed point with 0.8: 


(Pi — Pos) X 0.8 = AP 


Add 4P to the observed experimental aniline point 
Poy. Of the sample: 
Pos + AP = Pa 


P,, is the aniline point which the oil would have, had 
it been hydrogenated. Now read from the graph the 
specific refractivity [r], corresponding to P, and M 
of the sample. Also read the specific refractivity [r], 
of the fully saturated hydrocarbons (highest line) 
and the naphthenes of the lowest line for the molec- 
ular weight M. We obtain: 
[r}s—I[rlo 
(r]x— [rls 
%C in aromatic rings: 100 * 0.85 «* 0.80 * AP 
%C in paraffinic side chains: 

100 — (% Aromatic + % Naphthenic) 





%C in naphthene rings: 100 > 


The main source of inconsistencies, which various 
investigators’ *** observed in the application of 
Waterman’s analysis to substances of known compo- 
sition, seems to be the use of the aniline point be- 
sides of the discrepancies in his refractivity incre- 
ments from the “true” values.* Table 40 shows that 
the aniline point is not only a function of the relative 
amounts of naphthenic and aromatic rings in a mole- 
cule but is also greatly influenced by its shape. The 


* It would, indeed, be wise to remember that bond-increments of 
any physical property are definitely limited as to the accuracy of 
their numerical values since the underlying assumption of their 
freedom .from vicinal effects is, at best, a first approximation only. 
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solubilizing influence of highly aromatic compounds 
on saturated hydrocarbons is an additional (most 
serious) source of interference. Elimination of any 
solubility measurements from hydrocarbon analysis 
would therefore be most desirable. Deanesley and 
Carleton’? accomplished this by using a statistical 
(empirical) relationship between the dispersivity 
(Gladstone-Dale) and the refractivity increment per 
double bond as measure of the aromatic unsaturation. 
They also use (a slightly improved version of) the 
relation between [r] and the hydrogen content of 


























TABLE 40 
Influence of Molecular Structure on the Aniline Point of 
Hydrocarbons.” 
ANILINE POINT 
|Waterman’s 
Observed Graph Difference 
13—Methy! Pentacosane Coe Hs... | 116.0 °C.* 115.6 +0.4 
5—n Buty! docosane C26 Hss....... 114.0 °C. 115.6 —1.6 
6,11—di n Amyl hexadecane C26 Hss.| 112.0 °C. 115.6 3.6 
5.14—d n Butyl octadecane Cos Hsa.| 111.3°C. | 115.6 —4.3 
1—Cyclo hexy! eicosane Coe Hsz....| 110.8 111.0 —0.2 
3—Cyclo hexy! eicosane C26 Hsz. . 107.7 111.0 -3.3 
9—Cyclo hexyl eicosane C26 Hs:z. | 106.4 | 111.0 4.6 
2—Pheny!] eicosane C26 Hae........} 57.6 anh | 7 
4—Pheny! eicosane Coe Has........| 61.0 
9—Pheny!l eicosane C26 Has. ..... | 63.4 | 
* From W. M. Mazee, T.O.M. Reel No. 79 p. 2504-77. 
TABLE 41 
Values of k for Representative Hydrocarbons.” 

nena ieee aoe 
Hydrocarbon k at 20°C 
Cyclo pentene..... di om * 1.46 
Alkyl cyclohexane.... . . | 1.40—1.86 
Aliphatic mono olefine ‘ cat kel 160—1.90 
Alkyl benzenes........... ‘ ri inesivedchat her 160—1.90 
Salt Re FE Sans ee 1.89 
Diphenyl........ Teer: ae sas abuide Neo eS 191 
Alkyl! naphthalenes. nag Hah cee OR TE oo 6nd whe Oe 2.10—2.25 
FN RS ET CPOE TT or ee ee 2.60—2.90 
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TABLE 42 
Comparison of the Accuracy of the Statistical Methods of Hydro- 
carbon Analysis by Waterman and Coll., and by Deanesley and 
Carleton Against Pure Hydrocarbons of Known Composition. 
































r ] 
pe Water- | Water- | . 
Hydrocarbon C- Theory | man! | manII*| D-Ct b af 
6,11-di-n Paraffinie 100% |: 92.7 | 92.7 | 99.57 88 
Amyl|-hexadecane Naphthenic 0% 5.6 6.4 43 12 
Aromatic 0% 1,7 9 : 
11—Cyelohexyl-heneicosane | Paraffinic 77.8 | 774 | 74 | 73.4 80 
Naphthenie | 22.2 22.6 22.6 26.6 20 
Aromatic 0 0 0 0 0 
11—Pheny! heneicosane Paraffinie | 77.8 | 71 71 =| 705 
Naphthenic 0 —3 68 | —13 | 
Aromatic 22.2 32 22.2 30.8 | 
11—Decalin-heneicosane Paraffinie 67.7 | 67.8 | 67.8 | 65 | 64 
Naphthenic | 32.3 30.4 31.0 35 6]. 36 
Aromatic 0 1.8 1.3 bs : 
|-B-Stearyl-Tetralin | Paraffinie | 64.2 | 545 | 345 | 83 | 
| Naphthenic| 14.3 |° 8.2 19.7 14.3 | 
+ Aromatic 21.4 37.3 25.8 31.3 
1—Buty!-Stearyl-1-B- | Paraffinie 68.8 | 77.8 774 | 82.5 | 
Naphthalin | Naphthenic .. | —20.1 |—13.4 | —17.5 
| Aromatic 31.2 51.7 36 37.8 | 
| 











* Using factor 0.47 to convert Aniline point difference to percent aromatic C-atoms, 
as proposed by Schiessler et al (164), which seems to give indeed better results throughout. 
t Deanesley-Carleton Method (157). 
t Lipkin and Kurtz’s Naphthene Ring Analysis of saturated hydrocarbons from density- 
temperature coefficient vs. density relation (8). 
In order to show how far the statistical methods of analysis may occasionally deviate 
from reality, some of the most unfavorable cases have been assembled in this table. 


saturated hydrocarbons. Required data are: specific 
; 20 une 20 .. , — 
gravity di refractive index nH dispersion*=—"° 
X< 10*, Bromine N. (for samples containing olefines), 
average molecular weight M, ultimate analysis = 
wt. % H, wt. % C. 
The procedure is as follows: calculate [r]p (Lo- 


rehtz Lorenz), Y= 100 eat S= 
G 0 


< 10*, then determine by means of nomograph 33 the 
constants hk and h, calculate from Bromine Num- 
ber (if any) 





— Br—No. oes 

he = 703° then we get: ha = h—h, 

- or 1191.5. ha 

% aromaticity A= jo —Y 

. : M (100 — Y) 

C-atoms per molecule n = a 

Rings per molecule R= 1 M X h -, M2016 — 0.14026¥) 
ree 24.212 

Be nA 

Aromatic C-atoms per molecule C, = “00 


From Table 41 one obtains the dominating kind of aro- 


. ; — 
matic ring, where K ae This leads to a reasonable as- 





Lipkin & Aur/z 


. OC s0-yr a 


a 4 C wren 





Naptinene Ring Analysis of saturalkd “ydrocarbans 





sumption of the average number of 
carbon atoms Ce per ring giving: 
Number of ring carbon atoms per 
molecule = R X Cr 
Naphthenic C-atoms per molecule = 
Cx = RX Cr— Ca : 
Alkyl C-atoms per molecule = Cr = 
n— (Ca— Cw) 
The percentage each of aromatic, 
naphthenic and alkyl carbon 
atoms is then obtained in an ob- 
vious manner. This method has 
proven more consistent but some- 
what less reliable than Water- 
man’s; due to the requirement of 
rather accurate ultimate analysis 
it has not acquired much popu- 
larity. The assumptions made are: 


(a) that all values of k fall on (or 
close to) the curve: 


= 0811 c=") 
k=0. . 


Cordense? 2:73 


Average 
Non candensed 27gs 
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TABLE 43 


Unit Coefficient of Molar Extinction Coefficients in Near Infrared of 


Various Hydrocarbons.”” 


which seems to be the case most of 
the time. , 

(b) that k is additive with respect 
to the type of aromaticity (or unsatu- 
ration) involved. 4 3 

For the majority of lubricating 





| | 
| | | 
| >cH |—— 





Av. Deviation in Groups per Molecule in 


oils, the requirement of a bro- 


























| =) i mination can 
Wave Number! Group CHs | >CHe >CH Aromatic n | iso } | grom. mine number deter > t ° 
cm —i Sought | a | 6 Y 3 Parafl. | Paraff. | Naphth.) Arom. | h.* safely be dropped since olefinic 
S868... > CH | 0.0529 | 0.0688 | | 0.0216 | | 05 | ost} 05! 18 unsaturation — not Resring + 3 
781... >CHe 0.0708 | 0.0908 | 0.0137 05 | +12! | 0.6 0.6 Sz , a 
5800. —~CHs 0.1052 | 0.0674 | | 0.0138 | eit) alias oS = Ss Pd -laepesente« Borg 
sat CHs | 0.1363 | 0.0194 | 0.0314 | 03 03 04 | 0.7 always found Br and I number of 
mA —CHs 0.1426 0.0130 | | 0.0376 ees semi . : 
5001) CH: | 0.1256 | 0.0057 | | 0.0764 | o4 | 03 | oa | ‘a7 lubricating oils to be due to sub- 
; Llc RM Rs Me SR SR ee wee PS stitution rather than addition, as 
va >CH 0.00718 0.00748 | 0.00532 | 0.00175 | 10 | —12 05 |—28! Was brought out by subsequent 
7 | — 0.00948 0.00776 0.00136 0.4 0.4 0.4 —Q, c 4 4 : 
74 >CHs 0.01253 | 0.00056 | | 0.00134 o7:| 09 | 02 | La! Fame of the liberated hy- 
SCH2 | 0.01791 | 0.00978 | 0.00118 04 | +02 | 04 1:3! 
7350 —CHs | 0.01025 | 0.00164 | 0.00184 | 0.3 0.3 0.3 | —15 Crogen Bae. ‘ 
8164 — — CH 7 ~ 0.00197. ~ 0.00992 eS 132° = —s a 5 - 05 — 02 SS ae In order to examine the degree 
> | 0.00 0. 0.011 0. 0. 0. 02 | 08 . 
was >CH2 — | 0.00830 | «0.01989 |... 02 | 05 | 03 | o2 | 13 Of accuracy pong Pascoe be ‘ad 
SCH2 | 0.00048| 0.01585 | - o2 | og | +14!/ 03 | O08 : man an 
40 “CHs | 0.02705 | 0.00735 oe o1 | 03 | 406 | O38 | +05 pected from the Waterman a 
S680..." -.| —CHs | 0.00688 | 0.00176 0.00622} 02 | 03 | 03 | 131| 14 Deanesley - Carlton methods, the 
--| >CH (ar) | 0.00827 0.00126 | 0.001121} 0.1 02 | 03 | 06 14! appropriate caléulations were car- 








| 











Molar extinction coefficient K=naa’+n»$+ney +na8, where Na, nb, Ne, nd are the number of —CHs, >CHe, > CH, and 


>CH aromatic groups per molecule respectively. 


* Av. deviations in high molecular weight aromatic hydrocarbons (C21—Cs«). The large devigtions, if considered percent- 


4ge-wise, still represent a fair degree of accuracy. 
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ried out for the pure hydrocar- 
bons described by Cosby and 
Sutherland® and the data assem- 


{153} 131, 





TABLE 44 


Comparison of the Properties of Closely Cut ‘“Constant-Boiling” Fractions* of a 
Mid-Continent Petroleum With Those of Pure Hydrocarbons of Known Composition. 





surface tension such as the Para- 
chor or the: total stirface energy 
for both of which bond incre- 
ments have been successfully ap- 
plied in organic chemistry, are 


100 °F. 210 A-Pt 
c. 











ruled out, since we know now 
that the surface of lubricating oils 
differs in composition from the 
| bulk of the liquid. A significant 
advance has recently been made 
by a number of workers of the 





Percent Percent 

SUBSTANCE n i Par. Rt Naph. | Stekés | Stokes 
Fraction A-6 27.6 2.8 67 1.5 (1.8) 33 | 0.489 0.0606; 104.1 
1 Cyelohexy!-2-cyclohexy! methy!) 

pentadecane 28 2.0 57 2.0 43 0.403 | 0.506 | 105.1 
Fraction A-Res. 11 28 10.35 79 at 0.181 | 0.0398) 113.3 
Cyelohexy! heneicosane 27 0.0 78 1.0 22 0.175 | 0.0375) 108.5 
Fraction C-15 29.6 3.0 58 2.1 42 | 0.589| 0.071 | 1065 
5,14-Diecyclohexy! Octadecane 30 2.0 60 2.0 40 0.513 0.064 
Fraction D-30. 32.2 1.31 73 (1.72) 27 0.405 0.0634 115 
ll- -Decatin heneicosane 31 2.0 68 (2.0) 32 0.457 0.0636; 108.9 


* Fractions are from Acetone Extraction of ‘‘Water-White” Oil, B. J. Mair and 8. T. Schicktanz, Ind. Eng. Chem. 28 - 


1446 (1936). : 


t Aniline Points of Mair's saturated fractions are higher throughout than Waterman's diagram ‘‘permits”, a phenomenon 
which has not—or at least not to that extent—been observed with pure synthetic hydrocarbons. 


t Rings per molecule. 


bled in Table 42. The Deanesley-Carleton analysis 
appears on the whole unreliable and gives especially 
erratic results for condensed ring naphthenes. 

It seems worth while to compare the percentage 
naphthenes as calculated from the expansion coeffi- 
cient method of Kurtz*, which was reported on in 
Section I. 2, with the results of the Waterman and 
the Deanesley-Carleton analyses. 

A hydrocarbon type analysis for lubricating oils 
based on density, refractivity and ultimate analysis 
has also been proposed by Umstatter,’** but it seems 
to be incomplete; at least the reviewer was not able 
to obtain satisfactory results with this method. 

There is doubtless room for improvement in the 
field of statistical hydrocarbon analysis, but it is dif- 
ficult right now to see what readily determined phys- 
ical property will simplify or improve on the ex- 
isting procedures. Constants which depend on the 
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United States Bureau of Stand- 
ards.*°* Their method is based on 
the observation that the character- 
istic frequency of vibration. of the 
carbon-hydrogen bond in the near 
infrared is strongly dependent 
on the nature of the neighboring carbon-carbon bond. 
Primary, secondary, tertiary, and aromatic carbon 
bonds can be well differentiated in this part of the 
infrared spectrum (5400 to 8900 cm™). The extinc- 
tion coefficient at the respective characteristic fre- 
quencies is then a measure of the (relative) abun- 
dance of each type of carbon bond in the sample. 
The preliminary investigations showed that a fair 
degree of accuracy can be obtained by this method 
of bond analysis (Table 43). The present availability 
of a large number of pure synthetic hydrocarbons for 
calibration purposes and of many infrared spectro- 
scopes:in the petroleum industry may inaugurate 
considerable activity in the application of this new 
method to hydrocarbon type analysis of petroleum 
fractions. 





Waterman analyses of a number of lubricating oil 
fractions, together with some other data have been 
assembled on Figure 34. All of these data have been 
obtained after fractionation by vacuum distillation. 
One can see that the relative abundance of aromatic, 
naphthenic and paraffinic carbon bonds changes but 
little from one distillation fraction of an oil to the 
next (which means that the number of rings per 
molecule, as a rule, increases steadily with the boil- 
ing point of the fraction.) Solvent extraction, the ef- 
fects of which have been presented on Figure 35, 
separates visibly by hydrocarbon tvpe. There are in- 
sufficient data available to permit definite statements 
as to the ability of certain solvents to “discern” be- 
tween aromatic and condensed ring cyclo-aliphatic 
hydrocarbons. From presently available evidence, it 
appears to the writer that the degree of separation 
between groups of hydrocarbons which solvent ex- 
traction does or does not achieve is not as much a 
function of the solvent as of properly conducting the 
extraction, as had first been emphasized by Varteres- 
sian and Fenske*® and Saal and v. Wijk.’*' Complete 
or nearly complete resolution of a_ lubricating-oil 
fraction into hydrocarbon-type groups seems to be 
achievable only by combination of repeated distilla- 
tion, adsorption’and extraction steps such as was 
performed by Rossini'®* and numerous subsequent 
investigators. As a rule the best procedure is to per- 
form first a rough vacuum fractionation of the long 
residuum (or lube fraction on hand) followed, by two 
or more redistillations of the cuts obtained, each 
time combining those cuts of.equal physical proper- 
ties’ then subjecting the cuts to a “rough” extrac- 
tion with a very selective solvent, refining the raf- 
finate with a non-activated adsorbent, redistilling 
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the raffinate each into “constant-boiling” fractions 
followed by careful reflux-extraction. The fractions 
thus obtained—being in the case of Rossini’s work 
about 1/40,000 of the crude petroleum each—are 
about the closest one has so far come in the isolation 
of “pure” hydrocarbons from lubricating oil. There 
can, however, be no question but that each of these 
narrow fractions is still a mixture of several prob- 
ably unresolvable isomers. 


Figure 35 
Pennsyliania Long Residuum Distiligtion 
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cyclic extract portion of lubricating oils is by far not 
as readily understood. Especially the extreme drop 
of viscosity on hydrogenation of the extract portion 
is something that could so far not be duplicated with 
synthetic compounds and has probably to wait for 
an explanation until more synthetic hydrocarbons of 
highly cyclic structure have been produced and/or 
until we have gained a clearer understanding of the 
nature of the not inconsiderable non-hydrocarbon 





Graphs constructed from data by Kapff, 
and Lowy.’ (2 : 





Bowman, 


Yo 


V. 4 The Probable Structure of the Hydrocarbons 

in Lubricating Oils. 

The narrow fractions obtained by the method out- 
lined above are sufficiently “homogeneous” in chemi- 
cal composition to permit comparison of their physical 
properties and carbon-bond distribution with those 
ot synthetic pure hydrocarbons of known structure. 
Ample data are now available’? on the physical 
constants of pure hydrocarbons. The tabulated com- 
parisons between the closely-cut lubricating-oil frac- 
tions and the pure substances on Table 44 are very 
gtatifying and show that the statistical methods of 
analysis do, indeed, convey a fair picture of the chemi- 
cal structure of the predominant hydrocarbons in 
lubricating oils, at least as far as the more saturated 
tractions are concerned. The structure of the highly 
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portion of the solvent extracts. Judging by their 
sulphur and oxygen content, some solvent extracts 
seem to contain-up to 30 or 40 percent non-hydro- 
carbons unless these compounds contain excessively 
large numbers of sulphur and oxygen atoms per 
molecule. If the latter is the case, it is conceivable 
that some potentially valuable organic chemicals are, 
together with the extract, presently going to fuel! 
Elucidation of the chemical structure of these com- 
pounds may therefore pay dividends, not only in ad- 
ditional knowledge. 

A number of authors’ have been able to corre- 
late the various physical properties of petroleum 
fractions as well as its average chemical composition 
(C:H Ratio) in a unified manner, mainly on the basis 
of the specific gravity. The best known of these corre- 
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TABLE 45 
Relation Between UOP-Characterization Factor and Chemical 
Composition of Lubricating | Oils. 


| 
UOP—Characterisation Factor Det. From 




















Boiling 
SUBSTANCE Pt.* Mol. Wt. | Viscosity? | Anil. Pt. | Waterman 
Fraction A-C | 123 1215 | 122 | 123 | 123 
Fraction A-Res. 12.85 12.75 12.7 124 | 12.63 
Fraction C-1 (arom.) 12.0 12.0 12.0 11.4? 11.7! 
Fraction 12.9 12.8 12.8 12.3? 12.76 
Fraction F-1 (arom.) 12.5 12.4 12.3 12.1 11.8! 
raction F. 12.95 12.8 12.8 12.7 | 128 
Extract A-1t | 99 10.0 | 10.1 ee owl 
Extract A-17 10.85 10.95 11.05 10.3! 
Extract B-12 10.35 10.45 10.60 | (10.7) 
Extract B-12H | 11.35 11.35 11.55 | 11.6 11.55 
6,11 din-Amy! hexadecane | 13.0 12.92 | 129 | 1265 | 13.2 
11-Decy! heneicosane ; 12.9 os |) Be 4 13.2 
Tri (cyclohexyl-ethy!) methane | 11.72 11.72 | 12.05! 11.8 11.32! 
Tri (ethy! benzene) methane....| 10.55 | 10.7 10.3! 10.0! 


* Extrapolated from the 1 mm. data to atomspheric pressures by Lederer's methcd, 
Petroleum Z. rt No, 16 (1935). 

t It is remarkable to note that for all the lube fraction tested iit makes no difference 
whether one determines K from the viscosity at 100 “F. or at 210 ° 

t Caleulated from the data of Mair et al, J. Res. Natl. Bur. Peondands 21, 535, 56 





(1938). 
lations is the one by Watson and coll.’ which was 
built around the UOP-Characterization Factor K de- 


fined as: T 
» B 
K> —ws 
ae 
where Ts is the “molar average” boiling point in degrees 


Rankine at 760 mm and d °,’ the density of the petroleum 
fraction under study. 

The numerical value of K ranges from about 10 for 
highly aromatic oils to ~13 for completely saturated 
hydrocarbons, As the boiling point of most lubricat- 
ing oils can only be ascertained by rather far extrap- 
olation, K can be determined from Nelson’s corre- 
lation charts from density and melocular weight or 
density and viscosity, V-I and aniline point. There 
has recently been added a method to calculate k 
from data of the Waterman analysis’ according to 
a linear formula: 

K = 0.086A + 0.106N +- 0.132P 
where A,N,P are percent carbon in 
and paraffinic bond respectively. 

In view of their empirical nature, the reliability of 
these correlations, as brought out in Table 45, is 
quite remarkable. There is, however, one fact easily 
observed—and the writer likes to attach much sig- 
nificance to it—that only among petroleum fractions 
can these correlations be made to work. On many 
synthetic (pure) hydrocarbons and synthetic lubri- 
cating oils (Fischer-Tropsch oils) the K correlations 
become entirely inapplicable. May it perhaps be that 
among all the possible hydrocarbon isomers of one 
class only those occur in petroleum which fit into 
these empirical correlation systems? If this “selec- 
tion rule” could be verified, a powerful new tool could 
be added to our arsenal of instruments in the search 
for the composition and origin of petroleum. 

In the previous paragraphs the hydrocarbon com- 
ponents of lubricating oils alone have been discussed 
as if there were hardly any other compounds con- 
tained in petroleum-derived lubricating oils. Nothing 
could be farther from the truth. There occur both in 
the United States (along the Gulf Coast) and in Rus- 
sia lube oils containing up to 5 percent naphthenic 
acid, not to speak of the well known Smackover 
crudes, the lube stocks of which contain 2 to 3 percent 
sulphur in as yet entirely unknown combination, 
which if present as compounds of but 1 sulphur atom 
per molecule would represent 20 or more percent of 
the entire fraction. The resins, the chemical compo- 
sition and physical properties of which have been 
dealth with at length in Sections III and IV. of this 


+ 0.07 
Amax = 0.2 


aromatic, naphthenic 
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series, are probably sulphur and oxygen compounds 
of cyclic hydrocarbons, which occur in considerable 
concentrations, (10 to 20 percent) in heavy lube oils 
and especially in lubricating oils of residual origin. 
They seem closely rélated to similar materials oc- 
curring in bitumina and are generally considered 
“intermediate” in composition between hydrocarbons 
and asphaltenes. As there is increasing evidence that 
the bitumina are the origin of petroleum hydrocar- 
bons, and not vice versa as had been believed before, 
it is quite likely that more intense investigations of 
the chemical nature of these resinous compounds will 
be undertaken in the near future. So far only the 
catalytic cracker and the lubricating grease manufac- 
turer know about the presence of nitrogen com- 
pounds in some of the higher-boiling petroleum frac- 
tions, and they are usually not very enthused about 
the effects of these nitrogenous materials, but aca- 
demical information is entirely wanting. 


Summary 

The so-called paraffinic oils contain mainly hydro 
carbons with one to two naphthene rings or possibl\ 
a naphthene and an aromatic ring in the same mole 
cule, probably alkylated with a long paraffin chain; 
normal or iso- paraffines are almost certainly absent ( !) 
Solvent raffinates seem to contain only naphthenes. 
The so-called “asphalt-base” oils, especially their 
solvent extracts, consist of condensed aromatic and 
naphthenic rings with relatively short side chains, 
have often up to five rings per molecule, and there 
is much evidence that aromatic and naphthenic rings 
are often simultaneously contained in the same mole- 
cule." Many coastal oils of low V.I. seem to consist 
almost entirely of condensed ring naphthenes with up 
to four rings per molecule. As synthetic hydrocar- 
bons of such highly cyclic nature have not yet been 
prepared and the above data are based solely on sta- 
tistical analysis, there is still some uncertainty as to 
the structure of the multi-cyclic hydrocarbons in sol- 
vent extracts and low V-I oils. This cannot be said 
for the high V-I. oils for which statistical analvsis 
and synthetic hydrocarbon data have been found in 
excellent agreement. The composition of non-hvdro- 
carbon in lubricating oils is still unknown (except 
perhaps that of the naphthenic acids). 
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Simple Automatic 
Composite Sampling 


J. W. BERTETTI 


Root. Petroleum Company 


Sampling of liquid and vapor streams in the refin- 
ing industry is conducted for several reasons, in- 
cluding 

Maintaining product specifications. 

Determining magnitude of losses of 
components into less valuable streams. 

Determining efficiencies of conversion processes. 

4. Determining effect of changes in _ process 
variables. 

Determining average availability of components 
as charge to contemplated processes. 

Determining correct bases for payments in in- 
terplant sales or purchases, or for payments of 
royalties. 

Making component balances. 

It is common practice in sampling for maintenance 
of product specification to obtain “spot” or “grab” 
samples at regular intervals of one or two hours. 
Each sample is inspected or analyzed and adjust- 
ments made in process variables by the operator if, 
in his judgment, any changes are indicated. “Spot” 
samples are considered satisfactory for this purpose 
since process holdup tends to average compositions 
in the sampling intervals. 

For the remaining purposes listed above it is gen- 
erally desired to ascertain the average composition 
of a given stream over a longer period, usually 8, 
24 hours, or longer. For these purposes, one method 
of obtaining average composition is, for a given 
stream, to obtain a series of spot samples at regular 
intervals over the sampling period and.to mix them 
in one container. A suitable portion of the composite 
is then analyzed to obtain the average composition or 
properties of the stream over the period of the com- 
posite. While process holdup tends to average com- 
positions between spot samples, this method usually 
makes no allowance for changes in rate of flow, since 
the spot samples for the composite are of equal 
volume. This factor is usually not serious since, 
except during upsets, most refinery streams are quite 
uniform in rate of flow over considerable periods. 
However, when composite sampling is made routine, 
operators whose duty it is to prepare the composites 
ire apt to be occupied with operating problems at 
sampling times, are apt to forget to draw some of the 
samples, or, as has been admitted by some operators, 
may draw at one time all of the spot samples 
required for the composites during the shift. 

_ In order to avoid such uncertainties and to avoid 
increasing the duties of operating personnel, an auto- 
matic composite sampler was developed. This device 
automatically obtains composite samples by water 
displacement, and is adjustable with respect to fre- 
quency of sampling and to volume of individual 
samples. Several of these samplers have been in suc- 
cessful operation during the past three years. As 
examples of the versatility of the instrument, com- 


valuable 
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Automatic sampler with case removed. The sampler includes a clock- 

actuated trigger mechanism arranged so that individual samples can 

be collected in the composite sample container, shown below, at any 

selected time interval, their volume being controlled by water displace- 
ment from the container through a measuring device. 


have been obtained: 


posite samples as follows 
composites of catalytic- 


1. Weekly five-gallon 

cracking-unit gas. 
Weekly five-gallon 

cracking-unit distillate. 
Weekly five-gallon composites of 

overhead gas. 

4. Weekly 
a gas 

Weekly three-gallon composites of 
anit B-B charge. 

. Weekly five-gallon composites of alkylate. 

Weekly three- gallon composites of debutanizer 
overhead. 

8. Daily one- 
unit charge. 

9. Daily 6ne-gallon composites of 
unit effluent. 
10. Daily 

gasoline. 

In addition to several other regular composites, 
numerous 24-hour composites of one to five gallons 
have been obtained duripg special tests of process 
equipment. 

As a more recent development, a modification of 
the automatic sampler will be installed for sampling 
the effluent of a gasoline treating plant. Since this 
treating plant does not operate continuously, the 
sampler to be installed is provided with means for 
sampling proportional to flow. 


composites of catalytic- 
deethanizer- 
stabilizer- 


five-gallon composites of 


alkylation- 


gallon composites of isomerization- 


isomerization- 
straight-run 


one-gallon composites of 
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~ Water Lines 


G. R. ADAMS 


Vecocrry sizing of water lines is a quick and 
economical method of correctly determining piping 
needs inside coolers, condensers, and service-water 
connections. 

The curves on the next page are a graphical solu- 
tion that quickly indicate the water velocity for any 
desired gallons per minute flowing quantity in addi- 
tion to the usual friction head losses. 


Sizing Specifications 

Water-line specifications will vary for different 
operators and contractors. Lines of four-inch and less 
usually have a 2.5-foot head-loss per 100 feet, while 
lines over 4 inches in size have 5 or even 4 feet per 
second velocity limitations. Some engine manufac- 
turers specify a 4-foot-per-second maximum velocity 
for piping on their cooling units. A heavyweight 
dashed-line is drawn on the curves at the 2.5-feet- 
per-100-feet head-loss and the four-feet-per-second 
velocity lines. 

The regular-weight dashed-line curves are the 
usual gallons per minute flowing rate versus the 
head-loss for each size of pipe, while the regular- 
weight solid-line curves are the gallons per minute 
flowing rate versus velocity for each size of line. 


Use of the Curves 

As an example in using the curves, find the correct 
size of pipe for 40, 100, 400, and 1000 gallons per 
minute flowing rates. Keeping near or below the 
heavyweight dashed line, a 2%-inch pipe will be 
satisfactory for 40 gallons per, minute; a 4-inch line 
will be more than sufficient for 100 gallons per min- 
ute; a 6-inch, for all practical purposes, will be large 
enough for 400 gallons per minute; and a 10-inch 
line will be correct for 1000 gallons per minute flow- 
ing conditions. To find flowing velocities from the 
curves, the values are read for each gallon per minute 
rate on the desired line size. For example at a 400- 
gallons-per-minute flowing rate, the velocity in an 
8-inch line is 2.6 feet per second, a 6-inch pipe will 
have 4.4 feet per second, and a 4-inch line will have 
10.1 feet per second. 


Head-Loss Calculations 
[f the lines are very long or engineering require- 
ments are of such nature that a detailed head-loss is 
required, then this actual loss may be calculated as 
follows: 

A. From the friction values at the left hand side of 
the curve sheet; 

B. As described in “Pumps” by Kristal and Annett 
in their chapter on economical pipe sizes for 
pumps; or 

C. From the “Cameron Hydraulic Data” reference 
handbook by Shaw and Loomis in their chapter 
on Water Data. 

Head-loss calculations are made by using Williams 


136 = {158} 


and Hazen’s empirical formula as given in the Cam- 
eron Hydraulic Data reference handbook. 


1. f= 0.2083 x (“2)" rae we 
a 


in which 
f = friction head in feet of liquid per 100 feet of pipe. 
C = Constant accounting for surface roughness. 
q = flow in gallons per minute. 
d = inside diameter of pipe in inches. 


d 8655 


and 
v = velocity in feet per second or the feet of line that 
the liquid fills each second. 

The friction head-loss when “C” is 100 for welded 
and seamless steel pipe ; “q” is 100 gallons per minute 
flowing rate; and “d” is 4.026 inches for standard 
weight steel pipe; will be 


as 100 1.85 (100)?* 
2. = 0.2083 x (1° « (100) 
° x ( oe) (4.026)*** 
3. f= 0.2083 X 1> a 1.190 feet per 100 feet of pipe 
Oss. 


Velocity Calculations 
Velocity points for plotting are calculated as fol- 
lows: 


4. aX (2x12? _ 4 


Fa KOON aX d  ©62.4480 
5.. q = 2.448d"v 


where q, d, and v are the same 





or 
as under equation 1. 


A four-inch line with “‘d” equal to 4.026 inches and 
a 4-foot per second velocity “v” will have 
6. q = 2.448 X (4.026)* & 4.00 = 158.7 GPM. 
hence, the 4-foot-per-second-velocity line intersects 
the 4-inch pipe gallons per minute versus head-loss 
line at the 158.7 gallons per minute flowing rate. The 
other points in Table 1 were calculated and plotted 
in the same manner. 











TABLE 1 
Velocity Versus G.P.M. Flowing Rates 
G.P.M. FLOWING RATES 
Velocity in 1-Inch 4-Inch 10-Inch 20-Inch 
Feét per Pipe Pipe Pipe Pipe 
Second 2 = 1.1004|D2=16.209| D2 = 100.40| D2 =367.87 
1 2.69 39.68 245.8 901 
2 5.39 79.35 491.5 1801 
3 8.08 119.0 737.3 2701 
4 10.77 158.7 983.0 3602 
5 13.47 198.4 1229 4502 
6 16.16 238.1 1475 5403 
7 18.85 277.7 1720 6303 
6 21.55 317.4 1966 7204 
9 24.24 357.1 2212 8105 
10 26.94 396.8 2458 9005 
12 32.32 76.1 2949 10810 
14 37.71 555.5 3441 12610 
16, 43.10 634.8 3932 14410 
18 48.48 714.2 4424 16210 
20 53.87 793.5 4915 18010 
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FRICTION HEAD-LOSS IN FEET PER 100 FEET OF STANDARD-WEIGHT STEEL PIPE 
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VELOCITY SIZING OF WATER LINES 


Calculated from the velocity formula 
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* 3°. Gaee 


and Williams and Hazen's empirical 


friction flow formula 


1.85 
f = 0.2083 x (28°) a 


where 


inches 


feet of pipe 





1.85 


v = velocity in feet per second 

q © flow in gallons per minute 

ad « inside diameter of pipe in 

f «= friction head in feet per 100 
C 


surface roughness constant 
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Non-Ferrous Pipe Minimizes 


Sludge Plant Corrosion 


‘Lo FACILITATE disposal of acid sludge, Union 
Oil Company recently built a new sludge circulating 
and heating plant at its Oleum, California, refinery. 
It is arranged so that sludge may be pumped to any 
point desired, and may be heated and circulated 
through storage tanks to maintain temperatures and 
viscosities within the ranges suitable for satisfactory 
performance of sludge burners. 

Designed to combat corrosion, heating units, 
piping, fittings and control valves are fabricated 
from bronze and copper where contact is made with 
the sludge. 

The five heating’ sections included in the plant 
were designed by the company’s engineers and built 
especially for this installation. Each section consists 
of two similar parts, arranged to carry the sludge in 
series flow throughout the assembly. Four-inch 
bronze pipe is used in the construction, with bronze 
ells, tees and fittings having slip joints for connect- 
ing with the pipe by brazing with silver to eliminate 
washouts-and incipient leaks. 

Each part of the section is constructed with the 
same number of fittings, but assembled back-to-back 
to form the section by joining with a 9% x 4-inch 
bronze plain-end nipple which is inserted in the open 
end of the side outlet of the tees at the top of the 
section parts, and, likewise brazed with silver. The 
legs of the section are approximately 5 feet long with 
bronze ells at the bottom and a bronze nipple to 
which is attached a bronze flange drilled for eight 
¥%-inch bolts. 

The top of the section parts have a 4x 3-inch 
bronze bushing brazed into the open end of the 
bronze tee to take a short copper nipple for attaching 
a 3-inch bronze bolted flange. A blind-end carbon 
tube with a %7%-inch carbon flange, also drilled to 
match the 3-inch bronze flange at the top of the 
section. part, is inserted into each leg. Bronze lugs 
brazed inside the pipe legs 4 inches from the lower 
part on 120-degree centers guide the carbon bayonet 
in place. Acid-resistant gaskets are used on all flange 
joints, and the top of the section part is completed 
with a 3-inch bull plug. A 1%-inch steel pipe is 
inserted inside the bull plug, extending to within 2 
inches of the carbon bayonet when placed in the sec- 
tion. This steel tube is perforated with a number of 
small openings near its closed end. A 1%-inch nipple 
is attached on the side of the 3-inch bull plug. The 
1%-inch steel pipe is never in contact with the acid 
sludge. 

The five units are installed in series, having con- 
nections to bronze manifolds and control valves so 
that the sludge may be pumped to any point desired, 
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Sludge heater section. 


or circulated through storage tanks to maintain re- 
quired temperature and viscosity. 

Steam flows through each of the sections. The 
steam enters the section through the nipple in the 
side of the bull plug at the top of the connections, 
passes downward through the carbon bayonet and 
leaves through the perforated steel tube, carrying 
with it any condensate which enters the tube through 
the perforations. The steam flows in series through 
each part of the sections, condensate being removed 
at intervals through small steam traps to. prevent 
over accumulation of water in the last section of the 
series. 
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New Rotary Concentric-Tube Distilling Column 


A NEW rotary concentric-tube distilling column, 
having a very high efficiency factor for fractional dis- ' 
tillation, has been developed at the National Bureau 








of Standards by Charles B. Willingham, Vincent A. and 
Sedlak, James W. Westhaver, and Frederick D. a mh _ 
Rossini, in connection with the cooperative research AZ 

program on hydrocarbons sponsored jointly by the .s Mi 


bureau and the American Petroleum Institute. 
The demand for fuels providing greater efficiency, BI 

higher speeds, and more concentrated power, as well N 

as development of various devices making use of new 

types of hydrocarbons, has resulted in a transition 

in the petroleum industry from the manufacture of B3 B2 

broad fractions toward the production of narrower B4 

fractions and even pure compounds. The experi- 

mental program now under way at the National 

sureau of Standards has two objectives: the investi- ~ y 

gation of the chemical constituents of the crude oil 

































































based upon the actual isolation of pure hydrocarbons ; " B9 y 
and securing of high-purity standard samples for the t a? 
calibration of instruments used in analyzing such 
complex mixtures as aviation fuels and. synthetic oo 
rubber components, The new distilling column, which BI3 
is expected to have wide application to fractionation C1 
processes, is expected to aid materially in the bu- . 
reau’s hydrocarbon research program. \ us 
N 
Increasing Throughput / \ 
Numerous devices, based on both theory and exper- | N 
iment, are available for producing high separating N 
efficiencies in distilling columns. Among these are th 
open tubes of small diameter, concentric tubes with > med 
a small annular space, and parallel plates with a small . c 
space between them. All, however, are limited in use . Cc 
by a relatively low throughput, that is, quantity of , om 
material that may be volatilized per hour. According : 
to theory, the efficiency may be improved by decreas- e pe 
ing the spacing of the tubes or plates of the column, NY 
by decreasing the throughput, or by increasing the NY 
rate of diffusion of the gas molecules through the Ne A 
distilling column. Decrease in the spacing (or diam- NU 
eter) has been carried about as far as practicable, | Ns 
while decreasing the throughput below the present | {lo SN 02 
low values is not feasible. Moreover, in a static | NN 
NY 
| N 
T3 NN 
FIGURE 1 \ N 
Schematic diagram of the rotary concentric-tube distilling column re- u ° 
cently developed at the National Bureau of Standards. Al, A2, A3, A4, 4 
AS are parts of the motor assembly for rotation of the inner column. fe) 5 10 OS 
The principal parts of the head (B) are: head condenser (B2) with water Letotititel 
jacket; contro! (B3) for valve (B7), used for sampling liquid reflux in CM os — . 
head; side condenser (B5); glass rod (B6) to direct flow of liquid reflux o5—h 
onto valve; outlet (B8) for head sample; thermal insulation (B9); alumi- o6—k 


num foil (B10); and nichrome heater unit (B12). The steel rectifying 

section (C) consists of the cylindrical rotor (C2), concentric with the 

open tube (C4); the nichrome heating elements (C7); thermal insulation 

(C8); and aluminum foil (C9). The more important parts of the pot (D) 

Gre the butyl carbitol manometer (D1), the tube (D2) for withdrawing 
samples of material, and the pot heater (D5). 
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apparatus, for a given temperature and composition, 
the rate of diffusion of the gaseous molecules is sub- 
stantially constant. 

Accordingly, the new distilling column was de- 
signed to improve separating efficiency by increasing 
the diffusion rate of the molecules in the gas phase. 
This is accomplished by forcing the gas into turbu- 
lence through rotation of the inner closed cylinder 
in a concentric-tube rectifying section. 


Apparatus in Three Parts 


The apparatus (Figure 1) consists of three parts— 
the Pyrex head, steel rectifying section, and Pyrex 
pot. All three sections are provided with external 
heating elements and copper-constantan thermocou- 
ples for temperature regulation. 

The steel rectifying section of this distilling column 
is the empty annular space, 0.043 inch (1.09 mm.) 
wide, formed by the inside surface of a stationary 
outer cylinder and the outside surface of a rotating 
closed inner cylinder, 2.928 inches (7.44 cm.) in out- 
side diameter and 23.0 inches (58.4 cm.) in length. 
A motor-and-pulley system drives the rotor at speeds 
up to 4000 rpm. The outer cylinder is enclosed in an 
asbestos-covered metal heating jacket surrounded by 
three separate nichrome heating elements for the top, 
middle, and bottom portions of the jacket, respec- 
tively. The heating elements are covered externally 
with magnesia insulation and a layer of aluminum 
foil. 

The Pyrex head consists principally of a water- 
jacketed condenser directly above and opening into 


‘To RAPIDLY evaluate the degree of saturation of 
caustic scrub solutions used for scrubbing—hydrogen 
sulphide from light products such as gasoline, naphtha, 
and kerosine, this method was devised. 

The method is rapid and accurate enough to predict 
several hours ahead of time when the scrub solution 
will have to be changed. 


SOLUTION : 


Potassium Iodide-Iodate. 
Dissolve 1,000 grams of KIO, and 12,000 grams of 
KI in exactly 1 liter of freshly boiled, distilled water. 


Hydrochloric Acid. 
Dilute 38% HCl 1:1 with distilled water. 


Starch Indicator Solution. 


Prepare a fresh solution every day. Add 0.25 grams 
of starch to 100 ml. of boiling water. 


PROCEDURE : 

Pipette 0.5 ml. of the sample into a 100 ml. volumet- 
ric flask. Dilute to 100 ml. with freshly boiled, dis- 
tilled water. 

Pipette 0.5 ml. of the diluted sample into a 500 ml. 
Erlenmeyer flask and add 40 ml. 1:1 HCl and 100 ml. 
H,O. Add 1 to 2 ml. of the freshly prepared starch 








140 = {162} 


Determination of Sulphur in Caustic Scrub 





an electrically-heated chamber, in which the liquid 
reflux may be collected and sampled by means of a 
glass valve. The heated chamber is surrounded by 
asbestos wool insulation and aluminum foil. 

The pot, made of a three-inch Pyrex pipe, is sealed 
at one end and provided with a butyl carbitol manom- 
eter and a tube for withdrawing samples. Heated 
externally by a Glas-col special sleeve type heater, it 
is surrounded by magnesia insulation covered with 
aluminum foil. 


Thermoelements 


Three thermoelements are provided. One measures 
the difference between the temperature of the top 
portion of the rectifying section and the liquid-vapor 
equilibrium in the head. Another measures the differ- 
ence between the temperature of the middle portion 
and the mean temperature of the top and bottom 
portions of the rectifying section. A third is used 
to determine the difference between the temperature 
of the bottom of the rectifying section and the tem- 
perature of the liquid in the pot. 

For high values of throughput—two to four liters 
of liquid per hour—this distillation column, when 
operated at 4000 rpm, has an efficiency factor about 
ten times those previously reported for other recti- 
fying columns. The efficiency factor changes rela- 
tively little with throughput at a given speed rota- 
tion, but increases markedly with speed of rotation. 
This column also has low values of pressure drop 
per unit throughput, which may be quite advanta- 
geous for distillations at low pressure. 


indicator solution and titrate with the Potassimum 
Iodide-Iodate solution to a pale blue color. 


CALCULATION : 
ml. KIO;-KI x 0.07462 = Pounds S per gallon. 





NOTES: | 
All solutions should be kept as cool as possible to 
prevent evolution of H,S. | 
Samples should be diluted as directed to avoid loss | 


of HS. 
It may be necessary to further dilute samples con- 
taining very large amounts of sulphur, hence changing 


the calculations. 

Samples should be taken in glass-stoppered bottles 
or bottles with very tight-fitting corks to prevent any 
possible loss of H:S before the sample is tested. 

Tlie above operation should be conducted as rapidly 
as possible. 

In desulphurizing equipment where mercaptan sul- 
phur is being converted to H:S and the H.S scrubbed 
from the gasoline with NaOH solutions, it is possible 
to predict within a half hour, 6 or 8 hours in advance 
the necessity of changing scrub solutions. Consequently 
keeping the processing men warned in advance. 


REFERENCE: Text book of Quantitative Inorgantic An- 
alysis. Kolthoff & Sandell. 





—_ | 
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OST plants operating a number of condensers, 
heat exchangers and similar equipment using 
condenser tubes find that tube life varies, a bundle in 
one condenser lasting longer than in another. This 
points up the fact that obtaining longer life hinges on 
detailed study of individual conditions, such as Revere 
is ready to make for you. 


Take the case of a shell-type condenser following a 
high stage compressor. Admiralty tubes lasted about 
a year, red brass less, and treatment of the gas had 
produced no improvement. Failure was due to thinning 
at the cool end, and cracking at the hot end. Micro- 
photographs taken in the Revere Laboratory showed 
transgranular corrosion-fatigue cracks originating 
from the base of the pits on the vapor side of the tube. 
Hence it was evident that failure was due to a com- 
bination of corrosion and vibration. 
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The remedies recommended were: redesign of inlets 
and baffles, reduction of vibration in adjoining 
machines, bracing of the condenser, and alkali treat- 
ment to raise the pH up to 7.5—8.5. The result: sub- 
stantially increased service from inhibited Admiralty 
tubes. 

Revere stands ready at all times to work with tube 
users in the endeavor to extend the period between 
re-tubings. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, I/l.; Detroit, Mich.; New Bedford, Mass.; 
Rome, N. Y.—Sales Offices in Princibal Cities, Distributors Everywhere 
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Propane Storage Tanks 
Made of 26-Inch Pipe 


Dev VALLE Gasoline Company, in 
overcoming a shortage of steel for fabri- 
cation of the customary pressure vessels 
in California, fabricated a satisfactory 
battery of propane-storage tanks from 
26-inch pipe. The pipe is made from 
\4-inch steel with a longitudinal welded 
seam, with heads of %-inch steel. The 
battery includes 10 cylinders, each 280 
feet long—end-to-end the tanks are more 
than half a mile long. The tanks have a 
working pressure of 285 psig at 150° F. 

The installation problem was solved 
by pouring concrete supports at inter- 
vals. Supports are reinforced with steel 
on the top surface, and with vertical 
standards at each end of the piers. 

The tanks are set in pairs, one above 
the other. The lower tank rests upon the 
concrete pier while the upper rests upon 
a steel cross member, in turn supported 
by vertical standards. Steel pads welded 
to the lower surface of each tank serve 
as the contact between the tanks and 
the piers for the lower row, and the 
steel cross member for the upper row. 
The pads are sections of channel steel, 
attached to the tanks with the channel 
facing the tank shell, reinforced with 
strap steel welded to each side at the 
angle on the outer side. Similar sections 
of channel steel are attached to the con- 
crete pier and to the steel cross member 
in such position that the outside of the 
pad on the tank nests into the channel 
of the section attached to the concrete 
and to the cross member. The stationary 
pads on the supports have roller bear- 
ings made of round bar steel which 
separate the two channel-iron sections, 
to permit longitudinal movement. Alter- 
nate side vertical standards extend to 
the side of the top vessel. Posts with 
shoes guide the tanks to prevent lateral 
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The pressure controller shown in the photograph was built in a Michigan plant’s shop, to regulate 





the pressure on the incoming gas line. It consists of a drum-type case with welded flanges and 
a double diaphragm. The shaft from the diaphragm extends from the top of the case through o 
packing gland to the actuating lever controlling the damper-type valve in the vertical section 
of the line. Vacuum or pressure can be controlled by switching connections in the diaphragm case. 


movement, and force the tank to move 
lengthwise when expanding or contrac- 
ing. Vertical posts are set between the 
rows of vessels with guides to keep the 


Pa 


inside rows horizontal and in line with 
the longitudinal creep. The tanks being 
anchored at the end equipped for filling 
and pumping out, guides and roller bear- 





Propane storage tanks made of eight 26-inch pipes, 280 feet long. 
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PENBERTHY 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Made of Chromium-molybdenum 
alloy temperature-resisting steel. 
extra heavy throughout. Stain- 
less steel trimmed. Tubula: 
glass type gages also avail- 
able in various other metals 
suitable for practically all con- 
ditions. 






FOR EVERY GAGE REQUIREMENT 


Whatever your liquid level gage requirements, there is a 
Penberthy Gage that will meet your needs. These gages are 
suitable for the various pressure and temperature conditions 
of the oil industry. All Penberthy Gages conform with 
A.P.I.-A.S.M.E. requirements. 


Write for a copy of Catalog 34-A. 





PENBERTHY 


SJ ranspa ren f 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Used to observe color and den- 
sity of liquids under high pres- 
sures. and/or temperatures. 
Construction is exceptionally 
rugged .... similar to Reflex 
types. 




















PENBERTHY K flex 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Liquid shows black — empty 
space shows white. Preferred 
wherever liquid level must be 
easily and positively visible 
- - » and when liquids are un- 
der high pressure or at high 
temperature. 


PENBERTHY KR flex 


WATER GAGE SET 


Water shows black — steam 
shows: white. U-Bolt construc- 
tion is strongest and simplesi 
to service. Glass replaced by 
simply removing nuts on face 
of gage... unnecessary to 
work between gage and boiler. 















PENBERTHY INJECTOR CO. 


DETROIT, MICHIGAN a Canadian Plant: Windsor, Ontaric 
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ings permit full freedom of longitudinal 
movement. 

Tanks are connected at the operating 
end only, having 4-inch nipples with 
companion flanges so that liquid entering 
the lower of the pair will rise through 
the connection into the upper. Gauge 
cocks and glasses are installed in pairs, 
one for the lower vessel and the other 
for the one on top. Filling and with- 
drawal headers are attached to the bot- 
tom side of the lower tank in the pair, 
while vapor lines to equalize the tanks 
and the truck tanks are at the top of the 
battery. Safety valves are installed on 
top of the upper member of the tank 
pair, attached to 4-inch nipples having 
companion flanges similar to those which 
connect the tanks in pairs. 

Coated with heat reflecting paint, the 
tanks do not absorb sufficient tempera- 
ture to cause difficulty in accumulated 
pressure. In order to assure evacuation 
of fluid, the tanks are installed on a 
grade of 1% inches to 280 feet. 


- of _ 
Forms for concrete piers can be made from non- 
returnable steel drums with the heads removed. 
Foundation bolts are installed in the usual man- 
ner. The drum steel can be left in place, or 
split away as desired. During the lumber short- 
age, this type of form has been particularly 

useful. 








When intake, discharge and relief lines are 
under the compressor-room floor, and control 
fittings are outside the building, opening and 
closing the controls may be simplified with ex- 
tension handles. The valves in this installation 
are lubricated plugs, flanged into each line at 
a point which makes operation difficult without 
extension handles. But with the handles in- 
stalled, the operating levers are at shoulder 
height so that the operator may easily and 
quickly open or close the valves. A bracket con- 
necting each section of the safety guard rail 
serves as a support for the risers of the extension 
handles. The lower ends of the handles are 
broached to fit the square stems of the plug 
valves with only the weight of the handles hold- 
ing them in place, so that they may be removed 
when necessary to insert special lubrication. 


Refinery Shut Down 
By Remote Control 


Ax emergency shut-down of a refin- 
ery unit may be necessary under some 
conditions. Hancock Oil Company of 
California has equipped its plant at Sig- 
nal Hill with automatic devices and re- 
mote controls so that the plant can be 
shut down quickly by one man who 
presses buttons at a place far enough 
from the operating units for complete 
safety. No one is required to run here 
and there to shut off steam and fuel con- 
trols. The entire operation of shutting 
down the plant, dropping oil from the 
heaters, and shutting off the steam at 
the charge pumps is accomplished from 
the single control station. 

Weather bureau data were consulted 
when the system was designed to deter- 


mine the direction of the prevailing 
winds, so as to install the controls 
where they would be the safest for 


workers in the refinery. The control sta 
tion is mounted in an open shelter on a 
post so that it may be punched on the 
run. Wiring is led from this control to 
shut-down apparatus located in various 
parts of the refinery. 

Steel valves are installed on the drop 
out piping of the various heaters in the 





This motor is started by pressing the control 
button, and its operation opens a valve which 
evacuates the still tubes should a fire occur. 





Complete loop in the high-pressure residue gas line of a gasoline plantis used to absorb longitudinal expansion, as shown in the photograph. 
The six-foot loop is anchored at the top with a clamp to a concrete pier toprevent movement. Line clamps on the base legs of the loop permit longi- 
tudinal movement of the line to be absorbed by the loop. Constructionof the loop was simplifed by using five sections of pipe welded together. 
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How would YOU 
insulate these lines? 


Here’s the problem: A 4” line carrying a high-viscosity 
processing oil at 130° F. runs overhead from a heated 
outdoor storage tank across a factory yard to the proc- 
essing operation. 114” below it runs a 1” tracer line 
carrying saturated steam at approximately 15 Ibs. 
pressure (250° F). The plant is located in the Great 
Lakes region. How would you insulate these lines? 


Half section of 85% Magnesia pipe covering 

A on top of oil line and another on bottom of 
steam line. Join the pipe covering with 85% 
Magnesia block on both sides. All 85% Mag- 
nesia to be 114” thick. Point up joints with 
asbestos cement and weatherproof. 


Cover with 85% Magnesia as above, but use 
B standard thickness. Then apply one layer of 
1” hair felt and weatherproof 





Here’s what the Armstrong engineer advised: 


The problem is to maintain the 
viscosity of the process oil regard- 
less of outside temperatures with a 
minimum use of steam. Therefore, 
the insulation must surround both 
pipes in such a manner that heat 
can be transferred from the steam 
line to the oil line. The installation 
is comparatively permanent and 
should serve for many years. 
Both methods shown are effi- 
cient and lasting. Under average 
service conditions, when winter 
temperatures do not drop below 
zero for any appreciable length of 
time, method (a) will prove entire- 
ly satisfactory. But in localities 
where sub-zero winter tempera- 
tures are common, extra precau- 








tions have to be taken to guard 
against thickening of the oil in a 
line. That’s why the Armstrong 
engineer recommended method 
(b) for the job in the Great Lakes 
region. He knew that, while some- 
what higher in original cost, extra 
insulating efficiency furnished by 
the one inch layer of hair felt 
would provide inexpensive insur- 
ance against production difficulties 
if the oil congealed in the line in 
extremely cold weather. 
Sometimes it is possible for 
Armstrong engineers to point out 
sound methods of heat insulation 
that give you immediate savings. 
In other cases, such as this one, 
their thorough training and long 







experience indicate that it is better 
to spend a little more now in order 
to save larger sums in the long 
run. When you call in Armstrong’s 
Contract Service—for a bid, for a 
complete job, or just for informal 
advice—you can count on getting 
recommendations that will genu- 
inely serve your interest. 


Free! New Insulation Chart 


This chart lists types and thicknesses of 
insulation for temperatures from 300° 
below zero to 2800° F. pa 


Write for your copy to- Ll 
day to Armstrong Cork “ — 
Company, Industrial oe 1 
Insulation Dept., 7503 = 

sm Maple Avenue, SSS: 7} 
® Lancaster, #% ry 






Pennsylvania. @, + 





ARMSTRONG’S INDUSTRIAL INSULATION 





“ 


Complete Contract Service 


For All Temperatures 


March, 1947—A Gulf Publishing Company Publication 


To 2600° 
Fahrenheit 
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plant, at the most convenient point for 
the installation of automatic operating 
devices. These valves have rising stems, 
and the hand wheels are replaced with 
sprockets for chain operation. Electric 
motors with speed-reducing gear-boxes 
are placed on brackets for alignment of 
the driven sprocket of the motor and the 
sprocket on the stem of the drop-out 
valve. Roller chain is used for transmis- 
sion of power. 

To stop the motor connected to the 
drop-out valve after it opens the valve to 
full capacity, a positive stop-switch is 
used. A bracket is placed to carry a 
button actuated stop-switch to break the 
current, the button of this switch being 
located directly in line with the travel 
of the valve rising stem, so that when 
the valve is full open, the end of the 
stem pushes against the button to break 
the circuit and stop the motor. 

Two supplemental devices are in- 
stalled for additional protection of the 
heater. One is a motor-operated valve 
system similar to that used for the drop- 
out valve, which is installed on the line 
from the heater charge pumps to divert 
the flow of oil from the tubes of the 
furnace to a blowdown, and the other is 
a motor-operated valve system to shut 
down the hot-oil pumps by stopping the 
steam supply to their driver turbines. 
The device used consists of a magnetic 
switch, operated by the same remote- 
control button which actuates_ the 
motors on the drop-out valves, and the 
flow-diverting valve on the charge line 
to the furnaces. This magnetic switch is 
pM&ced near the steam-supply lines to the 
turbines, and when the coil is energized 
the automatic steam control on the tur- 
bines are tripped and the turbines shut 
down at once. With these safety devices 
installed, any person may press the re- 
mote control and shut the operation 
down quickly without danger to himself, 
or others. 


Close skimming of oil on water drained from 
equipment can be performed with the apparatus 
shown. A bracket is set to center over the oil 
outlet pipe. A valve bonnet, handwheel, and 
stem, are bolted to the bracket for the control 
mounting. An extension is welded to the valve 
rising stem to carry a skimmer scoop with an 
attached nipple which closely fits the oil outlet 
pipe. A handle brazed or welded to the top of 
the valve stem serves for adjustment and is 
locked in place by the valve handwheel. 





A space-saving, economical compressed air storage tank was constructed in a gasoline plant's 
maintenance shop and installed as shown in the photograph. Four 22-foot lengths of 16-inch pipe 
were used with standard-pipe-size welding caps welded on the end of each length of pipe to 
complete the pressure vessel. Two of the pipes were set on concrete piers and the remaining two 
mounted above with 4-inch welded pipe nipples serving as spacers and to connect the pipes. Inlet 
and outlet headers are shown at each end of the assembled pipes. A pressure gauge has been 
mounted so that it can be seen by an operator from the door or window of the compressor house. 


Other fittings provide air for other uses about the plant. Air is stored in the tanks at 300 pounds. 
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Steps and Guard For 
Reaching bate Valve 


a large gate valves, mounted 
above the ground, are set with the stem 
horizontal to aid in wheeling the units 
for opening or closing, even though in 
lines where vibration is encountered, 
such a setting places a large, unbalanced 
load on the flanges and bolts. One com- 
pany avoids this unsatisfactory mount- 
ing of large valves by setting them so 
that the stem is vertical, and then utiliz- 
ing the riser and run of the pipe turn 
as ladder and platform for the operator 
as he spins the handwheel. 





This arrangement provides steps for reaching 
the valve and a safety brace while turning it. 


In the unit shown, steps are formed 
from light tank plate with one edge 
trimmed to fit the curve of the pipe. 
The steps are then welded to the pipe 
at proper intervals, with an extra large 
piece serving as platform at the valve. 
Addition of a handrail not only stiffens 
the setup, but also provides the opera- 
tor a rail to assist him in mounting 
the unit, and to brace himself while 
manipulating the valve wheel. If de- 
sired, the step plates can be made slip- 
proof by criss-crossing them with ridges 
formed by welding beads. 





Reinforcing to Protect 


Gate Valves trom Shock 


ie CERTAIN localities the stresses 
resulting from earth tremors must be 
considered in the design of piping sys- 
tems, in addition to the more usual prob- 
lems of thermal expansion, line pressure 
and temperature, and other service con- 
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Cooper-Bessemer’s highly successful 
V-angle, 2-cycle compressor units are 
now built in two power cylinder sizes: 
Type GMX from 250 to 625 hp; Type GMV 
from 400 to 1000 hp. Both are built in 4, 
6, 8, and 10 cylinder sizes rated 62!/2 and 
100 hp per cylinder respectively. 


Repeatedly, in hundreds of outstanding 
installations, the GMV has demonstrated 


the value of its modern design and its 
many advanced features. Now, without 
exception, all these advantages are 
available in the smaller GMX for those 
compressor jobs requiring less power 
but all the stamina, on-stream reliability, 
and operating economy for which the 
GMV is noted. 


The nearest Cooper-Bessemer office is 
always ready to cooperate with you or 
your engineers in investigating and 
planning the ideal compressor set-up for 
your present or future needs. 
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The photograph above shows ¢ 6-cylinder. 
375 hp Cooper-Bessemer GMX compressor 
unit driving three compressor cylinders. The 
drawing below. showing the same unit in 
cross section. reveals many of the design 
features that have made these modern 
Cooper-Bessemer V-angle units such out- 


standing performers. 
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Steel plates and bolts reinforce gate valves. 


ditions. To prevent damage to large low- 
pressure tank valves, either from pipe- 
line thermal expansion, earthquake 
stresses, or other cause, Standard Oil 
Company of California reinforces these 
valves with heavy steel plates. Two 
square plates of desired thickness are 
used for each valve. They are torch-cut 
to suitable bore and bolt circle to match 
the valve and pipe flanges. Four holes 
are provided to accommodate tie bolts 
which are used to clamp the plates 
against the valve companion flanges. The 
tie bolts have two nuts at each end so 
that the plates are clamped against 
movement in either direction, and the 
valve body accordingly is to a large de- 
gree relieved of stresses resulting from 
either tension or compression loads. 


Standard Oil Company of California's $4,370,000 program for moderniza- 
Wharf,” is now well along toward 
completion as evidenced by this panoramic view. The mile-long reinforced- 
concrete causeway, shown curving off to the left, is completed and soon 
will carry vehicular traffic to the end of the loading wharf. This will 


tion of its Richmond refinery “Long 
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Thread Protectors 


Ox FIRE equipment which must be 
in condition for instant use, Kendall Re- 
fining Company, Bradford, Pennsylva- 
nia, installs wood covers for the threads 
to which fire hose is connected. The 
covers are made of two plies of one inch 
planking nailed to supply reinforcing by 
cross-graining, and sawed with octago- 
nal faces. 

The wood is bored in the center for a 
tight fit over the threaded nipple. 
Threads are not run into the wood, so 
that a quick pull easily removes it, yet 
it will remain in place indefinitely if not 
disturbed. 


Ladders used ‘where the ground is bare, or the 
surface covered with chat or gravel, can be pre- 
vented from slipping with a spade-type attach- 
ment on the base. A sheet of tank steel, cut to 
shape and bolted to the legs of the ladder, with 
a lip two inches below the legs to provide the 
required bite will prevent slipping when the 
ladder is in use. 


permit abandonment of the existing narrow gauge electric railway. The 
loading section of the wharf, constructed at right angles to the causewoy, 
is being lengthened from its present 1516 feet to 2466 feet. There will 
be four deep-water berths for bulk loading on the outer face and one on 
the inner face, as well as space for six barges. 
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THE )WONTH IN THE INDUSTRY 





API Midyear Meet 
At St. Louis June 2-3 


The Division of Refining of the Amer- 
ican Petroleum Institute will hold a 
midyear meeting in St. Louis June 2 and 
3. Dr. Robert E. Wilson, chairman’ of 
the board of Standard Oil Company 
(Indiana) and American Petroleum In- 
stitute vice president for refining, said 
technology will be stressed in a pro- 
gram whose details will be made public 
shortly. An open dinner meeting is to 
be held the evening of June 2. 

Activities of the meeting will be in the 
Jefferson Hotel. 

During the war period midyear meet- 
ings of the Institute were dropped from 
the list of activities. Directors approved 
resumption of midyear programs by the 
several divisions with the programs to 
be worked out as conditions permit. 


* 


Refiners’ San Antonio 
Program Arranged 


Both synthetic fuel production and 
petro-chemical processing will make up 
parts of the program of the thirty-fifth 
annual meeting of the Western Petro- 
leum Refiners Association, Plaza Hotel, 
San Antonio, March 24, 25 and 26. 

The first day will be given over to 
registration and meetings of technical 
and finance committees. That evening 
the buffet supper with the compliments 
of Ethyl Corporation will mark the first 
entertainment feature of the program. 

The first technical session the morn- 
ing of March 25 will be presided over by 
L. D. Mann, Cities Service , Refining 
Corporation. T. H. Risk, Ethyl Corpora- 
tion, Detroit, will present a paper, 
“Motor Fuel Trends in Relation to Anti- 
Knock Requirements.” This will be fol- 
lowed by a panel discussion on catalytic 
cracking. Discussion will follow each 
paper. 

Governor Beauford Jester of Texas 
will give an address of welcome at the 
general session that afternoon, when R. 
L. Tollett, Cosden Petroleum Corpora- 
tion, will preside. Following the opening 
remarks of H. T. Ashton, association 
president, the following technical sub- 
jects will be presented: 

“Petroleum and Natural Gas—Uses 
and Possible Replacement,” R. E. Wil- 
son and J. K. Roberts, Standard Oil 
Company (Indiana). ° 

Directors and officials will be elected 
at this session. Entertainment that eve- 
ning will be provided by the supply and 
transportation companies which serve 
the refining industry. ’ 

A technical session the morning of 
March 26 will have these subjects: 

“Petroleum Chemicals,” M. B. Chit- 
tick, The Pure Oil Company. 

“Synthetic Fuel Production by the 
Hydrocol Process,” P. C. Keith, Hydro- 
carbon Research, Inc. 

G. R. Kenter, Tidewater Associated 
Oil Company, will preside at this ses- 
sion. A meeting of the directors will be 
held at 10 o’clock. 

The final general session will be held 
the afternoon of March 26 with the fol- 
lowing subjects: 

“Various Factors in the Future Sup- 


ply and Demand Picture,” S. A. Swens- 
rud, Standard Oil Company (Ohio). 

“Petroleum Industry Public Relations 
Program,” Ralph C. Champlin, Ethyl 
Corporation. 

R. W. McDowell, Mid-Continent Pe- 
troleum Corporation, will preside. 

The annual dinner-dance will close the 
meeting the evening of March 26. 


API Marketing Group 
Sponsors Meeting 


Petroleum marketers, large and small, 
will gather at French Lick, Indiana, 
April 1-2 for a national oil marketing 
meeting sponsored by the General Mar- 
keting Committee of the American Pe- 
troleum Institute. P. E. Lakin, Shell Oil 
Company, New York, program chair- 
man, announced that three nationally- 
known speakers will appear on the two- 
day program: James A. Doolittle, vice 
president of Shell Union Oil Corpora- 
tion; Dr. Claude Robinson, president of 
Opinion Research Corporation, and 
Charles Roberts, Stewart-Dougall and 
Associates, marketing research consult- 
ants. 


ASME Boiler Committee 
Plans Hearings on Code 


The Boiler Code Committee of the 
American Society of Mechanical Engi- 
neers has made arrangements to hold 
two public hearings in the Southwest on 
proposed revision of the Unfired Pres- 
sure Vessel Code. The first of these 
hearings will be at the Rice Hotel, Hous- 
ton, May 1 at 8 p.m. and May 2 at 9:30 
a.m. The second will be at the Biltmore 
Hotel, Los Angeles, May 7 at 9:30.a.m. 
The purpose of these hearings is to give 
manufacturers and users of pressure 
vessels, and state enforcement authorities 
opportunity to verbally comment on the 
proposed revision. All those interested 
have been urged to attend. 

A previous announcement by the 
Boiler Code Committee advised that its 
Special Committee to Revise Section 
VIII of the ASME Boiler Construction 
Code (Unfired Pressure Vessel Code) 
has submitted the Proposed Revision of 
Section VIII on the code in draft form, 
dated January, 1947. 

For those interested in reviewing the 
proposed revision, copies are obtainable 
from the ASME at 29 West 39th Street, 
New York 18, N. Y., at $1.00 per copy. 
All those interested have been invited to 
submit their comments in writing to the 
secretary of the Boiler Code Committee, 
whether or not they are able to attend 
one of the hearings. 

The Houston hearing will be under the 
sponsorship of the ASME South Texas 
Section, and the one at Los Angeles un- 
der that of the Southern California Sec- 
tion. Members of the Boiler Code Com- 
mittee and its: subcommittes are plan- 
ning to attend these hearings. The Boiler 
Code Committee will hold its May meet- 
ing at the Biltmore Hotel, Los Ange- 
les, May 9. 

The National Board of Boiler and 
Pressure Vessel Inspectors also is hold- 
ing its general meeting on May 5, 6 and 
8 at the Biltmore Hotel in Los Angeles. 


March, 1947—A Gulf Publishing Company Publication 


Conventions 
March 
17-19—American Society of Lubrication 
Engineers, Hotel William Penn, 


Pittsburgh. 
24-26—Western Petroleum Refiners As- 
sociation, annual membership 


meeting, San Antonio, Texas. 

24-30—Oil Heat Institute of America, 
Traymore Hotel, Atlantic City, 
New Jersey. 


April 

7-10—National Association of Corro- 
sion Engineers, Palmer House, 
Chicago. 

17-18—National Petroleum Association, 
Cleveland Hotel, Cleveland, 

23-25—Natural Gasoline Association of 
America, Baker Hotel, Dallas. 

30-2—-Natural Gas Department, Amer- 
ican Gas Association, Stevens 
Hotel, Chicago. 


May 

4-7—Petroleum Equipment Suppliers 
Association, Mark Hopkins Ho- 
tel, San Francisco. 

6-8—Petroleum Industry Electrical 
Association and Petroleum Elec- 
trical Supply Association, Rice 
Hotel, Houston, 

6-8—Southwest Gas Measurement 
Short Course, University of Ok- 
lahoma, Norman, 


June 

2-3—American Petroleum Institute, 
Division of Refining, Midyear 
Meeting, Jefferson Hotel, St. 
Louis, 


23-25—American Chemical Society, 
Midwest Regional Meeting, Kan- 
sas City, Missouri. 


September 

15-17—National Butane-Propane Asso- 
ciation, Jefferson Hotel, St. 
Louis. 


29-3—American Gas Association, San 
Francisco, 

October 

21-25—Pacific Chemical Exposition, San 
Francisco, 

November 


10-13—American Petroleum Institute, 
Stevens Hotel, Chicago. 











California Refiners’ 
Association Re-Elects 


C. A, Johnson, Socal Oil & Refining 
Company, was re-elected president of 
the Independent Refiners’ Assocation of 
California at a meeting of directors on 
February 11. 

D. B. O'Neill, vice president and gen- 
eral manager, and M. M. McCallen, Mc- 
Callen Refining Company, vice presi- 
dent, also were re-elected. 

W. G. Krieger, of Krieger Oil Com- 
pany, and J. D. Sterling, Eagle Oil & 
Refining Company, were elected to the 
board of directors, The following board 
members were re-elected: B. E. Devere, 
Pathfinder Petroleum Company; D. S. 
Fletcher, Fletcher Oil Company; Clif- 
ford Hancock, C. A. Johnson and M. M. 
McCallen. 


Pitzer Speaks Before ACS 
Southeast Texas Section 


The Southeastern Texas Section of 
the American Chemical Society met at 
Baytown February 13 to hear Kenneth 
Pitzer of the University of California 
talk on “Relationship Between the Mo- 
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lecular Structure of Hydrocarbons and 
Their Thermodynamic Properties.” 

The technical session was preceded by 
an inspection tour arranged by Humble 
Oil & Refining Company through por- 
tions of the laboratory and processing 
facilities of Baytown refinery, and by a 
group dinner. 

The meeting was conducted by Briggs 
Manuel, chairman of the section, and 
the speaker was introduced by Sherman 
Schafer, chairman-elect. Dr. Pitzer pre- 
sented slides showing results of experi- 
mental work and calculations on the 
energy-structure relation of hydrocar- 
bons varying from light gases well into 
“gasoline-boiling-range” materials, and 
commented briefly on proposed experi- 
mental work along the same lines. 


NPA Semi-Annual 
Meeting Announced 


The forty-fourth semi-annual meeting 
of the National Petroleum Association 
will be held in Cleveland April 17 and 
18. Sessions will be in the Cleveland 
Hotel. 


Process Control Discussed 
At February CNGA Meeting 


The suecessful application of auto- 
matic process controls involves the solu- 
tion of three separate problems, E. H. 
Reynolds, Richfield Oil Corporation, told 
California Natural Gasoline Association 
members at their February 6 meeting 
where he presented a paper in which 
Wm. Troutman and Gordon Lawn, also 
of Richfield Oi! Corporation, collabo- 
rated. These problems, Reynolds stated, 
are the rapid and accurate measurement 
of the variables of the process, rapid and 
precise application of corrective meas- 
ures to maintain the controlled variables 
at the desired points with minimum de- 
viation, and proper selection of the va- 
riables to be controlled. 

The first two problems can be solved 
by the proper selection of control instru- 
ments, Reynolds said, and described the 
various types available. Asking that 
these be kept in mind, he then pro- 
ceeded to discuss the third problem. The 
solution of this, he said, requires a study 
of the process and consideration of the 
products, or results, desired. For illustra- 
tion, he presented diagrams of four typi- 
cal processes and discussed for each the 
factors influencing the choice of vari- 
ables to be controlled, the location of 
their points of measurement, and _ the 
selection of control instruments. 


Military Aircraft Fuels 
Committee Appointed 


Appointment of a temporary commit- 
tee on military aircraft fuels productive 
capacity, authorized at.the January 
meeting of the National Petroleum 
Council in response to a request of the 
government’s Oil and Gas Division for 
a study of the problem of obtaining an 
authoritative technical evaluation of re- 
fining capacity for production of. fuels 
for military aircraft, has been announced 
by Chairman Walter S. Hallanan. 

Bruce K. Brown, Standard Oil Com- 
pany (Indiana), was named as chairman 
of the committee, which will include R. 
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C. Alden, Phillips Petroleum Company; 
Paul G. Blazer, Ashland Oil & Refining 
Company; Reid Brazell, Leonard Refin- 
eries, Inc.; George Davidson, Standard 
Oil Company of California; C. E. Davis, 
Shell Oil Company; A. P. Frame, Petro- 
leum Advisers, Inc.; W. M. Holaday, 
Socony-Vacuum Oil Company; Arthur 
E. Pew, Sun Oil Company; G. H. Taber, 
Sinclair Refining Company; H. D. 
Wilde, Humble Oil & Refining Com- 
pany, and J. A. Worden, The Texas 
Company. 


New ACS Officers Elected 
At Lake Charles 


The Southwest Louisiana Section of 
the American Chemical Society recently 
held its first election since organization 
last December, according to a report re- 
ceived from A. R. Rescorla, Cities Serv- 
ice Refining Corporation, Lake Charles, 
who has served as acting-chairman of 
the new section. New officers, who will 
serve during 1947, include A. R. Res- 
corla, chairman; W. A. Wilson, vice- 
chairman; T. W. Kirby, secretary; R. 
W. Rice, treasurer, and E. G. Anderson, 
councilor. Activities of the section now 
include publication of a monthly “News- 
letter for technical personnel” which is 
distributed to the membership, and 
which will carry some technical mate- 
rial in addition to news of local doings. 





Western Petroleum Refiners 
Adds Public Relations 


Expansion of the activities of Western 
Petroleum Refiners Association to in- 
clude industrial relations has been an- 
nounced by H. T. Ashton, president. 
James T. Rasbury has been named man- 
ager of the new department, which will 
keep the membership and the industry 
advised on current legislative matters, 
decisions, rules and regulations and in 
addition, all statistical information con- 
sidered important and beneficial. 

Rasbury is a graduate of Michigan 
State Normal College. Later he com- 
pleted graduate work at the University 
of Oklahoma and at Washington Uni- 
versity. Recently he was admitted to the 
bar of the District of Columbia. His in- 
dustrial experience includes connections 
with Studebaker Corporation and the 
Federal Bureau of Investigation. 


New CNGA Chapter Formed 


A California Natural Gasoline Associ- 
ation chapter has been formed at Ven- 
tura, and will be known as the Coastal 
Chapter. C. L. Case, Continental Oil 
Company, is chairman, and G. €. EI- 
more, Tide Water Associated Oil Com- 
pany, is secretary. Meetings are to be 
held on the third Wednesday of each 
month. The initial meeting in February 
had 85 in attendance. 


Views of FPC Staff, Given in Report 
Coincide With Industry on Regulation 


The Federal Power Commission is in 
agreement with the gas and oil indus- 
tries that the production, gathering or 
processing of natural gas by persons 
who do not move it beyond the point 
where the gathering function has been 
completed but sell the gas “at arm’s 
length” to others who transport and sell 
it in interstate commerce, is exempt from 
FPC jurisdiction under the provisions 
of the Natural Gas Act. 

This position was taken in a staff re- 
port on the subject, being distributed 
to the industry for comment before be- 
ing incorporated in the report which the 
commission will send to Congress soon. 

“No reasonable basis is found in the 
act or its legislative history for an in- 
terpretation that, although the ‘activities’ 
of production and gathering are exempt 
under Section 1 (B), sales of natural 
gas which are made at arm’s length by 
producers and gatherers who do not 
thereafter transport it in interstate com- 
merce may be regulated,” it was de- 
clared. “Unless such a distinction is spe- 
cifically disclaimed, doubts and appre- 
hensions will continue to be felt and ex- 
pressed regarding the possible applica- 
tion of the natural gas act to the oper- 
ations of those who only produce and 
gather natural gas.’ 


Control of Oil Involved 


The report pointed out that if FPC 
or any other federal agency were to be 
authorized to control arm’s length sales 
by producers and gatherers, the result 
would be to establish federal authority 
over all field and well prices for natural 
gas and “control of oil.as well as gas 
would necessarily become involved, since 
the production of these two resources 
is to a large extent inseparable.” 





It would not be practicable for the 
government to attempt to regulate sales 
of natural gas by producers and gath- 
erers unless it also took over from the 
states essential functions now performed 
by them relative to conservation and 
the protection of correlative property 
rights, it was added. 

“In view of the widespread uncertainty 
which has been manifested regarding the 
commission's view of its jurisdiction over 
production and gathering sales, it is im- 
portant that the commission take appropri- 
ate action to relieve the dobuts and fears 
now prevailing in tihs regard,” the staff 
cautioned. 

This could be done either by formal 
adoption of an administrative rule or by 
recommendation of an amendment to 
Section 1 (B), although it is felt that 
the latter is not necessary. However, 
whichever procedure is followed, it was 
declared, it should be made clear and 
certain that these activities, when not 
connected with interstate commerce, are 
exempt from FPC jurisdiction. 


The discussion of production was one 
of four sections of the report, in another 
of which state conservation laws and 
activities were discussed and the recom- 
mendation made that the producing 
states which have a flare gas problem 
consider the enactment of legislation 
prohibiting flaring of casinghead gas 

“except as specifically and temporarily 
authorized by state commission order.” 
A limited period of grace would be de- 
sirable before such prohibition became 
effective, so producers could adjust their 
operations; it was said, and it might be 
necessary also to extend sole discretion 
to the conservation authorities to gram 
temporary exemptions for new wells and 
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small allowances for flaring in remote 
areas. 

The report took the firm position that 
the conservation of gas is a responsibil- 
ity of the states, but a responsibility 
which must be met. 

The other sections of the report dealt, 
respectively, with practices and prob- 
lems in producing, gathering and proc- 
essing natural gas, and with gas re- 
serves of the nation, in which it accepted 
DeGolyer’s estimate of reserves of 
slightly more than 144 trillion cubic feet 
as of January 1, 1946, as the basis of 
a discussion of location and ownership of 
known reserves and the prospects for 
future discoveries. 


Exploratory Costs Increasing 


Experience suggests that the future 
prospects for continued substantial addi- 
tions to the reserves of both gas and 
oil are generally factorable, it was con- 
cluded, but the experience of the oil in- 
dustry shows that costs of exploration 
and discovery are increasing rapidly 
and “prospects for future discovery of 
oil are not as encouraging as would 
appear to be indicated by the periodic 
estimates of year-end reserves,” and 
oil and probably gas may be more dif- 
ficult to find in the future. In deep drill- 
ing, however, the chances of discovering 
oil rather than gas are increasing and 
on the whole, it was said, “it would be 
reasonable to expect that many new ad- 
ditional discoveries of gas will be made 
before a decline sets in.” 

The reports were released as_ the 
House Interstate and Foreign Commerce 
Committee announced two days of hear- 
ings beginning March 18 on bills for 
amendment of the Natural Gas Act. 


Gibbon and Wright Given 
Socony Indies Appointments 


Harry A. Gibbon has been appointed 
general manager in the Netherlands In- 
dies for Nederlandsche Kolonial Petro- 
leum Maatschappij, with Albert Wright 
as his assistant. N. K. P. M., subsidiary 
of Standard-Vacuum Oil Company, has 
a large refining installation near Palem- 
bang and oil fields in Sumatra. 

Gibbon is a graduate of The Rice In- 
stitute, and after working with Humble 
Oil & Refining Company in Texas, 
joined Standard-Vacuum in 1939. He 


was transferred to N. K. P. M. after the 
war and proceeded to Batavia, Java, 
after the Japanese surrender made it 
possible for that company to start plan- 
ning rehabilitation of its refinery and 
oil-field properties in Sumatra. 

Wright was graduated with a degree 
in geology from Harvard. He has spe- 
cialized in production work and joined 
N. K. P. M. in 1938 after 14 years ex- 
perience in the oil fields of Venezuela 
and the Middle East. He has been pro- 
duction manager, and recently has been 
assigned to the company’s headquarters 
at the Hague. 


Jefferson Chemical 
Announces Appointments 


Dr. Max Neuhaus, formerly director 
of research for Jefferson Chemical Com- 
pany, has been named manager of the 
technical and rtsearch department, with 
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DR. MAX NEUHAUS 


Dr, Paul P. McClellan and John C. Paul 
as assistant managers. 

Dr. Wm. H. Bowman, formerly market 
development manager, has been desig- 
nated sales department manager, and G. 
W. Larson has joined the department’s 
staff to take charge of its technical sales 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; all others from American 
Petroleum Institute weekly reports, which are estimates on Bureau of Mines basis. 


(All figures in thousands of barrels—add 000) 























Crude Oil Gasoline Gasoil and Distillate Residual Fuel 
Trends in Production} Runs te Stocks | Production| Stocks | Production} Stocks | Production) Stocks 
Week Ended Daily (Stills Daily) Week End| Weekly | WeekEnd| Weekly |WeekEnd| Weekly | Week End 
1946: 
ma 26 4,626 4,553 220,544 13,622 101,737 5,720 29,498 8,411 39,722 
March 2.. 4,726 4,779 229,430 13,871 104,462 5,888 25,148 8,634 38,441 
March 30 4,425 4,684 224,994 13,896 104,715 5,337 28,240 8,738 37,746 
mag 27. 4,672 4,685 224,443 14,228 99,631 5,568 30,466 9,204 39,404 
ay 25.. 4,759 4,857 222,214 14,322 95,769 5,463 32,973 8,908 43,368 
June 29..... 4,957 4,854 ‘ 14,500 92,333 5,325 37,762 8,828 46,447 
July 27.... 4,926 4,896 223,756 14,535 88,626 5,817 44,316 8,217 49,517 
August 24 4,836 4,866 225,672 14,639 86,251 5,649 1,405 8,126 52,061 
September 28 4,778 4,829 221,903 14,538 854 5,450 57,903 8,158 56,914 
October 26 4,730 4,758 221,184 14,863 86,423 5,710 65,499 7,728 60, 
November 30 4,795 4,707 225,119 15,145 88,371 5,228 66,062 7,672 58,647 
PR - sed ee 4,713 4,968 226,111 15,604 93,126 5,931 58,941 8,181 53,427 
January 25... 4,672 4,820 221,655 14,624 99,801 5,630 50,357 8,224 48,558 
February 22 4,786 4,860 224,580 14,668 103,904 5,929 40,739 8,542 44,919 






































service work. Larson was until recently 
with the Barrett Division of Allied 


Chemical and Dye Corporation. 

Peter Harrison of the engineering de- 
partment has been named purchasing 
agent, and G. R. Wick has been named 
assistant chief engineer. 


DR. W. H. BOWMAN 


Jefferson Chemical Company’s plant 
at Port Neches, Texas, is scheduled to 
begin production during the latter half 
of this year, Its initial products will in- 
clude ethylene oxide and ethylene glycol. 
The company’s executive offices are at 
30 Rockefeller Plaza, New York. 


Butterworth Promoted To 
Casper Refinery Position 


L. H. Butterworth, assistant general 
foreman in the light-oils division of the 
Whiting refinery of Standard Oil Com- 
pany (Indiana), has been promoted to 
assistant general superintendent of the 
company’s Casper, Wyoming, refinery. 

Butterworth joined the organization in 
1937 as a chemical engineer in the re- 
search department at Whiting. In 1942 
he was transferred to the manufacturing 
department as an assistant general fore- 
man in the light-oils division at Whit- 
ing, serving first in the light-oils finish- 
ing department and later in the crude 
stills department. He received his bach- 
elor of science in chemical engineering 
from the University of Iowa. 


Voorhies Named Director of 
Esso Lab at Baton Rouge 


Alex Voorhies, Jr., has been named 
director of Esso Laboratories in Baton 
Rouge to succeed Dr. C. L. Brown, who 
has become a member of the researcli 
and development coordination group ol 
Standard Oil Development Company, 
New York. Other changes at the Baton 
Rouge laboratory are the promotion of 
Dr. R. W. ‘Richardson to associate di- 
rector, and Dr. R. W. Krebs to assistant 
director. 

The new 
Baton Rouge 


director has been at the 
laboratory since 1930, 
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*Trade Mark, General Chemical Company 


GENERAL 





General Chemical Company — America’s pioneer 
with the Contact Process for manufacture of 
high strength sulfuric acid and oleum—makes 
another major contribution to Basic Chemicals 
for American Industry with SULFAN .. . 
Anhydride of Sulfuric Acid. 

By perfecting new methods of stabilizing 
Sulfur Trioxide, General Chemical Research 
takes an invaluable chemical tool off the shelf 
of laboratory curiosities and brings it to the 
Process Industries as a chemical of commerce 
for use in a host of ways. 

General Chemical offers SULFAN in three 
chemically equivalent forms: 

Sulfan ‘A’ Partially Stabilized, melting at 
approx. 35°C; 

Sulfan 'B’ Completely Stabilized, melting at 
approx. 17°C; and 

Sulfan ‘C’ Unstabilized. 





Experimental samples and further technical 
information are available on request from 
General Chemical Company, Research and 
Development Division, 40 Rector Street, New 
York 6, N. Y. 


Some Potential Uses 
1. For fortification of spent oleum, making 
possible a ready supply of any strength oleum. 
2. In benzenoid sulfonations for elimination 
of mixed sulfonates: meta- only or ortho- and 
para- derivatives only are formed. 
3. For di- and poly-sulfonations of aryl com- 
pounds. ¢ 
4. For direct sulfonation of aliphatics. 
5. For sulfonations in the presence of a sol- 
vent, thus eliminating the removal of H,SO, 
necessary when oleum is the agent. 
6. For formation of addition compounds with 
amines, valuable in organic synthesis. 





Sulfuric Anhydride exists in three chemically equivalent physical modifications as 
indicated by data below. General Chemical's stabilized product is almost entirely 


Gamma-Form and its partially stabilized product is largely Beta-Form. 
PROPERTY GAMMA-FORM 
Description Ice-Like 
| Equilibrium 
Melting Point (°C): 16.8 
Density (20°C) 1.9255 
Sp. Ht. (cals/gm) (20°C) 0.77 
Ht. of Fusion (cals/mol) 1,800 
Ht. of Sublimation (cals/mol) 11,900 
Ht. of Dilution (cals/mol) 40,340 
Vapor Pressure (mm.) 
o°c 45 
25 433 
50 950 
75 3,000 


BETA-FORM ALPHA-FORM 
Asbesios-Like Asbestos-Like 
32.5 62.3 
2,900 6.200 
13,000 16,300 
32 58 
344 73 
950 650 
3,000 3,000 








CHEMICAL 


COMPANY 
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40 RECTOR STREET, NEW YORK 6, N. Y. 


“aes 


March, 1947—A Gulf Publishing Company Publication 


Sales and Technical Service Offices in principal cities from coast t 


Y a cake : . 


@ toast 
ia en a — 


3 eee be 














THE Monta «e+ API-AGA Joint Estimates Show 
Oil and Gas Reserve Increase 


when he leff the faculty of Loyola Uni- 
versity, New Orleans. He is a graduate 
of Louisiana State University with a 
degree in chemical engineering. His 
master’s work was done at Loyola. 

Dr. Richardson, a graduate of Louisi- 
ana State University with graduate work 
at lowa State University, began his 
work as a chemical engineer in the refin- 
ery in 1933, From 1937 to 1940 he was 
at the Esso Laboratories in New Jersey. 

Dr. Krebs is a graduate of the Uni- 
versity of Illinois, where he was on the 
faculty before joining the laboratory 
staff 10 years ago. 


J. Howard Pew Steps 
Down as Sun President 


Along with the announcement of his 
resignation as president of Sun Oil Com- 
pay, J. Howard Pew recommended elec- 
tion of Robert G. Dunlop to the post 
Further he recommended to the board of 
directors that Joseph N. Pew, Jr., now 
executive vice president, be named chair- 
man of the board, a new position. The 
resignation of Arthur E. Pew, Jr., vice 
president in charge of manufacturing, 
was announced. 

It also was recommended that the 
board of directors be increased to 13 
from 11 and that an executive committee 
be named, Pew said he would continue 
as a director, and that Arthur E. Pew, 
Jr., also would continue as a director. 

Robert G. Dunlop joined Sun Oil 
Company in, 1933, after two years in 
private accounting work. In 1941 he was 
appointed assistant comptroller and in 
1944 he was named comptroller and 
elected to the board of directors. 


Texas City Plant to 
Resume Operations 


Resumption of operations of the Texas 
City plant of Sid Richardson Refining 
Company is slated for April 1. Freeman 
W. Burford has been elected president ot 
the company, which was organized fol- 
lowing purchase of the plant from 
American Liberty Oil Company 

During the war the plant was a source 
of 100-octane gasoline. Since then its 
operation has been spasmodic. Altera- 
tions were begun after formation of the 
new company, which took possession 
March 1. Further expansion of facilities 
is under consideration. 


New Company Plans Wax 
Plant in Houston Area 


Paraphalt Wax Corporation of Amer- 
ica, a new organization, has announced 
plans for a paraffin wax-asphaltum plant 
to be erected in the Houston area. Con- 
struction is proposed to be completed 
this year. Dr. Ernest Stossel is to be 
president of the new organization, and 
\. T. Gohlson, vice president. Dr. Frank 
Jessen, Associated Engineers of Hous- 
ton, will be associated with the organi- 
zation, Gohlson is vice president of 
Hovey Petroleum Company. 

Dr. Stossel is head of several similar 
organizations in South America. He is 
a graduate of Vienna University where 
he specialized on oxidation of hydrocar- 
bons. He worked in Spain in the field of 
vegetable oils and soaps. 
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The continental United States has 
proved liquid hydrocarbon reserves of 
24,194,587,000 barrels and proved nat- 
ural gas reserves of 160.6 trillion cubic 
feet, as of December 31, 1946. 

These figures were disclosed in a joint 
report of the Committees on Reserves 
of the American Petroleum Institute and 
the American Gas Association. 

Of the total liquid hydrocarbon re- 
serves, 20,873,560,000 barrels are crude 
oil and 3,321,027,000 barrels are natural 
gas liquids. Similar figures for the year 
previous are not available, but the table 
shows that crude oil reserves increased 
931,714,000 barrels, or approximately 5 
percent as follows (in barrels): 

Dec. 31, 1945 Dec. 31, 1946 
20,873,560,000 


1,050,794,000 


API crude 

oil reserves..... 19,941,846,000 
API condensate 

reserves ....... 884,967,000 
Additional natural 

gas liquids 


reserves ..... (not available) 2,270,233,000 





Total reported 
liquid hydrocar- 


bon reserves (not available) 24,194,587,000 


(Natural gas liquids include condens- 
ate, natural gasoline and liquefied petro- 
leum gases. Where condensate is pro- 
duced and run with crude oil, it is treated 
as crude oil in these estimates.) 

Proved natural gas reserves of 160.6 
trillion cubic feet increased 12.8 trillion 
cubic feet from the December 31, 1945, 
total of 147.8 trillion, or about 8 percent. 
The estimated net production of natural 
gas for the year of 1946 is 4.9 trillion 
cubic feet after deducting the amount of 
gas returned to reservoirs. 

Heretofore API estimated U. S. re- 
serves of liquid hydrocarbons which in- 
cluded all of the crude oil and the con- 
densate portions of the natural gas 
liquids. This year, API and AGA divided 
the work into crude oil reserves, esti- 
mated by the institute, and natural gas 


reserves with their contained liquids, 
estimated principally by AGA, assisted 
by API. 

The API Committee on Reserves as 
of December 31, 1946, estimated that the 
proved reserves of crude oil in the U. S., 
exclusive of condensate, was as follows 
(barrels of 42 U. S. gallons): 


Total proved reserves of crude 
oil (exclusive of 884,967,000 
barrels of condensate) as of 
Deeember 31, 1945 ............ 19,941,846,000 
Revisions of 


previous 

estimatcs ..... +1,254,705,000 
Extensions of 

old pools 1,158,923,000 


New reserves 
(new pools) 
discovered 

ME BOOS coviecse 


244,434,000 2,658,062,000 





Total proved reserves as of a 
cember 31, 1945, and ne 
proved reserves added in 1946. . 22,599,908, 000 
Subtract production during 
946 1,726,348,000 


Total proved reserves of crude 
oil as of December 31, 1946. 
Increase in crude reserves 
since December 31, 1945...... 


. . 20,873,560, 000 
931,714,000 


Estimates in the report, as in all such 
previous annual reports, refer solely to 
proved or blocked-out reserves and in- 
clude only oil recoverable under existing 
economic and operating conditions. 

“For proved reserves as of December 
31, 1944, we showed 668,701,000 barrels 
condensate and_ 19,784,530,000 barrels 
crude oil, a total of 20,453,231,000,” the 
report says. “As of December 31, 1945, 
we showed 884,967,000 barrels conden- 
sate and 19,941,846,000 barrels crude oil, 
a total of 20,826,813,000. Analagous fig- 
ures for December 31, 1946, are 1,050,- 
794,000 barrels condensate and 20,873,- 
560,000 barrels crude oil, a total of 21,- 
924,354,000. In other words, 1,050,794,000 
barrels condensate for December 31, 
1946, is the AGA Committee’s present 
estimate of condensate reserves in thie 


Estimated Proved Reserves in ey United States 




















(Thousands of Barrels of 42 U. S. Gallons.) 
Estimates 
7 PROVED RESERVES OF CRUDE OIL—(Condensate not Included) 
rude a 
Plus Condensate Changes in 
(Dec. 31, 1945) Proved Reserves Proved Proved Reserves 
as shown Due to Exten- Reserves as of 
in Committee's | Proved Reserves | sions (New Oil) | in New Pools Dec. 31, 1946 
Report of as of and Revisions Discevered Preduction |(Columns 2+3+4 
February, 1946 Dec. 31, 1945 in 1946 in 1946* During 1946 | Less Column 5) 
STATES (1) (2) (3) (4) (5) (6) 
Alabama. . ; 785 785 109 ae 382 512 
Arkansas 303,674 287,623 4,172 1,764 26, 267,058 
California 3,409,948 3,318,006 276,787 13,876 315,178 3,293,491 
Colorado 259,830 ‘ 1,265 800 12,025 299,870 
Illinois. . 349,620 349,620 452 4,606 75,414 351,264 
Indiana. . 41,243 41,243 7,878 1,633 6,684 44,070 
Kansas...... 541,846 541,846 87,319 12,629 96,478 545,316 
Kentucky. .... 56,721 56,721 13,066 10,687 59,188 
Louisiana. .... 1,689,781 1,558,891 207,018 25,857 139,969 1,651,797 
Michigan. . ; 64.186 64,186 21,576 415 17,000 69,177 
Mississippi ; 267,160 257,363 J 1,790 23,871 270,221 
Montana. . 108, 74 108,474 2,576 2,000 8,804 104,246 
Nebraska... 665 290 87. 
New Mexico 512,378 512,373 65,000 2,871 36,791 543,453 
ew York...... 81,189 kt AT aes 4,900 76,289 
ti cae 29,681 29,681 3,047 oe 3,508 29, 
Oklahoma...... 889,839 888,839 98,423 47,731 136,807 898,186 
Pennsylvania. .. 110,601 Bee es a eee 13,100 97,501 
Texas......... . 11,470,294 10, 7 1,441,158 126,594 756,649 11,646,360 
West Virginia... 38,630 ee 2) yates <ccaiien 2,975 , 
yoming....... 600,131 599,881 25,919 1,780 222 589,358 
Miscellaneous t. 307 Az “Ss eee 113 453 
Total U.S. 20,826,813 19,941,846 2,413,628 244,434 1,726,348 20,873,560 
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ASK US ABOUT SURECLOR—NEWEST AND 
MOST ECONOMICAL METHOD OF PURIFYING 
WATER. ANY LOCATION—ANYWHERE. 





Whether it’s for Algae Control, Water Treat- 
ment, or Sewage Disposal, the PADDOCK High 
Capacity CHLORINATOR is your most effective 
and economical method of Chlorine control. 
It will do the job of chlorinators costing twice 
as much, 


Operates on the full vacuum principle. No float boxes or float valves 
to wear out...no make-up water to overflow and cause damage. 
Chlorine cannot escape into operating room. Equipped with a stone 
filter which removes foreign matter in the gas. Parts in contact with 
chlorine are of hard rubber. Cabinet finished in acid resistant enamel. 















installation for cooling tower, gasoline plant 
near Vivian, La. 


WRITE TODAY FOR DESCRIPTIVE LITERA- 
TURE AND COMPLETE DETAILS. NO OBLI- 
GATION! 


addock Euginecring Cs., of Texas 


900 SOUTH ERVAY, DALLAS 1. TEXAS 


March, 1947—A Gulf Publishing Company Publication 
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same fields which were included in previ- 
ous years by the API Committee. If 
comparison is made between new oil re- 
ported in 1946 with new oil reported in 
earlier years, it should be remembered 
that the 1946 figures for new oil do not 
include new condensate estimated at 
about 205,000,000 barrels. 

“The estimates for this report do not 
include: 

1) Oil under the unproved portions of 
partly developed fields; 

2) Oil in untested prospects; 

3) Oil that may be present in un- 
known prospects in regions believed to 
be generally favorable; 

4) Oil that may become available by 
secondary-recovery methods from fields 
where such methods have not yet been 
applied; 

5) Oil that may become available 
through chemical processing or natural 
gas; or 

6) Oil that can be made from oil shale, 
coal, or other substitute sources. 

“Proved reserves include 1) Proved 
drilled reserves or oil estimated to be re- 
coverable by the production systems now 
in operation, (primary or secondary) and 
from the area actually drilled up on the 
spacing pattern in vogue in that pool; and 
2) proved undrilled reserves, or oil under 
undrilled spacing units which are so close, 
and so related, to the drilled units that 
there is every reasonable probability that 
they will produce when drilled. 

“In. the case of new discoveries, the 
estimates of proved reserves necessarily 
represent but a part of the reserves 
which may ultimately be assigned to the 
new reservoirs. Where development has 
not yet gone beyond the discovery well, 
the area assigned as proved is usually 
small in regions of complex geological 
conditions, but may be larger where the 
geology is relatively simple. The total 
of new oil through discoveries estimated 
as proved in any given year is compara- 
tively small and the total of new oil 
through extensions is comparatively 
large. As knowledge of the factors af- 
fecting production and well performance 
become available, reserves in older fields 
can be estimated with greater precision 
and revised accordingly.” 

The committee stressed the fact that 
its estimates of proved reserves cannot 
be used as a measure of the rate at 


which these reserves can be produced 
with or without physical waste. “Today’s 
known oil can be recovered only over 
a period of many years and at gradually 
declining annual rates,” it said. “There- 
fore, only incorrect conclusions as to the 
life of these estimated reserves can be 
obtained by dividing these reserves by 
the current rate of production.” 

The committee, headed this year by 
F. H. Lahee, Sun Oil Company, Dallas, 
emphasized that every effort was again 
made to get a fair, unprejudiced, and rep- 
resentative opinion. All previously deter- 
mined factors pertaining to the various 
pools were examined and adjusted in the 
light of new information. 


Beaumont Chemists Hear 
Army Chemical Chief 


General Alden H. Waitt at Beaumont, 
February 19, addressed the Texas-Lou- 
isiana-Gulf section of the American 
Chemical Society, on problems of na- 
tional defense as they appear from his 
viewpoint as Chief of the Chemical 


Corps, United States Army. 
“The citizen,” he said, “no longer can 
regard defense as something remote, 


something he can delegate to the mili- 
tary and then forget. Future war will 
come suddenly and intensively. 

Sabotage may be the major weapon 
at the start of the war. Enemy agents 
could infiltrate this country months and 
years ahead of attack, and it would be 
possible to bring piecemeal into the 
country super explosives which could be 
planted in critical places, timed to ex- 
plode at the selected time. Fifth-column 
activities will be used to cause dissen- 
tion and unrest among segments of the 
population, and, it is possible the fifth 
column may already have started. The 
enemy may no longer be dependent upon 
manually controlled aircraft for long- 
range bombardment. We must assume 
the enemy has developed the atomic 
weapon successfully, and that he has 
knowledge of toxic weapons at least 
equal to our own. 

“This country has become the world’s 
greatest power. I wonder if we realize 
that we will have to pay a heavy price 
if we are to maintain our position. We 
have to be equal in strength to any pos- 
sible rival if we are to maintain our 
system. 

“As Chief of the Chemical Corps, I 
am vitally concerned with the progress 


Summary of API Committee's Report Covering Period 1937-1946 
(Thousands of Barrels of 42 U. S. Gallons.) 











of chemical and allied sciences, and with 
the interest of the scientist, engineer, and 
producer in the defense program.” 

Plans for the Chemical Corps were 
described as emphasizing research and 
development; procurement planning and 
accumulation of reserve stocks; reserve 
training, and education of Regular Army 
officers. 

“The Germans were reported to have 
developed a new toxic agent, termed 
‘tabun,’ which is a highly effective 
weapon that fills a definite gap in use- 
fulness between mustard gas and other 
toxic gases. Our thoughts will be geared 
to the discovery-of chemical agents of 
many times the order of toxicity of those 
of World War I. Intense efforts must 
be made in the furtherance of this work, 
and second rate research is worse than 
none, as it leads to a false sense of se- 
curity. 

“Development work is also proceeding 
on incendiaries, flame weapons, and 
flame throwers, in which fields our serv- 
ices are reported to have excelled in the 
recent war. The postwar technical or- 
ganization of the Chemical Corps is 
nearly complete. A research council has 
been organized of some 100 scientists 
Manufacturing facilities for chemical 
warfare munitions will be maintained 
where possible. Plants which have 
peacetime application are available to 
industry on lease, which plan has the 
important advantage of maintaining 
these plants in operable condition.” 

General Waitt was introduced by 
C. O. Buttrill. V. A. Kalichevsky, chair- 
man of the section, presided. 


Two Lube Plants for 
Gulf Coast Refining Area 


Contracts are being let for the build- 
ings which will be a part of the new 
lubricating oil unit in the Smith’s Bluff 
plant of The Pure Oil Company. The 
new facilities are calculated to cost 
$9,000,000, and approval of the Civilian 
Production Administration has _ been 
given for the buildings. 

Lubricating-oil facilities at this plant 
will replace the plant which was de- 
stroyed by fire at Marcus Hook, Penn- 
sylvania, prior to the war. 

Approval of APA also has been an- 
nounced for a lubricating oil unit for 
Shell Oil Company in its Deer Park 
plant (Houston). This addition was an- 
nounced last year but plans were not 
pressed during the extreme shortage ol 
building material. 

Expenditure of $10,000,000 is contem- 
plated for the lubricating-oil facilities of 























the Shell plant. 
NEW OIL BLOCKED OUT DURING YEAR 
R. . — Palestine Refinery 
Previeus Through Total Through Estimated 
Estimates and a — = i ereres, Pred Proved Reserves| Increase Over Increasing Cap acity 
Extensions to iscover: xtensions a reduction aso revious ae ; , 
YEAR Known Fields During Year Revisions During Year End of Year Year ‘ Expansion of capacity of the plant ot 
gon Consolidated Refineries, Ltd., Haita, 
1936 a ni Be : a - 063, ee » tine V7 H y t 
1937 2,702,790 928,742 4,721,532 i,277,664 15,507,268 2,443,868 Palestine, will give the unit rennet 
1938. 2'243,571 810,493 3,054,064 1,213,186 17'348,146 1,840,878 of 100,000 barrels daily. Present ratec 
1939 3,008, 066 oye oe nee wane Lae capacity is around 80,000. Included in 
1940 1,607, 893, 351, ,024, ’ “pansi x j - 
1941 1'538,989 429.974 1'968.963 1'404'182 19'589, 564,781 the expansion program are units for lu 
1942 1,618,925 260,051 1,878,976 1,385,479 20,082,793 493,497 bricating-oil manufacture. ; 
bee ene sine pee bona es ary [he plant, owned by Anglo-Iranian 
1945 1,690,315 419,984 2,110,299 1,736,717 20,826,813 373,582 Oil Company and Anglo-Saxon Petro- 
1946 2,413,628 244,434 2,658,062 1,726,348 20,873,560 931.714 leum Company, began operation in 1939. 
Since then. capacity has been increased 





by frequent additions. 


NOTE:—Up to ee ae cern en ves seseree Aatastoun on of Doses 31, 1945, the committee combined —. 1 
ander that healing the proved reserves of cycle plant and lease condensate. As cf December 31, 1945 the reserves Additional crude for the enlarged 
80 mtr 884,967,000 barrels, Seria ts eran the tne Gaet eal exty? = as of December 31, 1944 there §=plant will be available when capacity of 
were barrels included. in this table are for crude oil o comparison 

ween new oil in 1948 with now oil reported in wlttem , it should be remembered that the 1946 ios pipe. lines to Near East production is 


for new oil do not i new condensate which is estimated to be sanesatentely 205,000,000 barrels. put in operation. 
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you may have the same problems of contamina- 
tion, corrosion, suspended solids and mechanical 
remote control which prompted the engineers of 
The Dorr Company to select Grinnell-Saunders 
Diaphragm Valves for the Dorrco De-lonization 
System for the new plant of the Hawaiian Pine- 
apple Co. in Honolulu. 


to corroston}contamination or suspended solids in 


GRINNELL-SAUNDERS DIAPHRAGM VALVES 


The flexible diaphragm isolates working parts of 
the valve from the fluid, preventing contamination 


or corrosion. 


A selection of diaphragm materials and also body 
linings of glass, porcelain, lead, rubber or synthetics 
to suit service requirements. 


SURE 





Streamlined passage without pockets minimizes 
friction. Large area of contact of the diaphragm, Standerd vaive available in 
plus diaphragm resilience, permit positive closure screwed and flanged types. 
even when solids are trapped. 


Neoprene-lined, piston- 
. . operated valve specified by 
Write for catalog—Grinnell-Saunders Diaphragm Valves The Dorr Company for 


mechanical remote control. 
GRINNELL COMPANY, INC. 
Executive Offices: Providence 1, R. I. 


Branch Warehouses 





Atlanta 2, Ga. Los Angeles 13, Cal. Seattle 1, Wash. 
Charlotte 1, N. C. Minneapolis 15, Minn. San Francisco 7, Cal. 
Chicago 9, Ill. New York 17, N. Y. St. Paul, Minn. - % \ 
Cleveland 14, O. Oakland 7, Cal. St. Louis 10, Mo. . \ 
Houston 1, Tex. Philadelphia 34, Pa. Sacramento 14, Cal. diy “~ a 
een ee manent i, whenever PIPING ts invo.veo 
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ABOUT OUR AUTHORS... .. and Other PERSONALITIES 





Case History 


Frequently the editorial staff of 
PETROLEUM REFINER meets this question, 
“How do you get articles for publication?” 

An answer is at hand in “Factors Af- 
fecting the API Design of Separators for 
Removal of Oil From Waste-Water Efflu- 
ents.” In his letter of transmissal Shep- 
pard Powell, consulting engineer of Bal- 
timore, explained: 

“Mr. W. B. Hart of The Atlantic Re- 
fining Company has suggested that we 
write you concerning publication of the 
enclosed paper. 

“It has been our experience that most 
of our clients who have had reason to 
study the recommendations of the API 
manual, ‘Disposal of Refinery Wastes, 
Section 1 Waste Water Containing Oil’ 
have been confused by the manner of 
presentation of data. In more than one 
instance we have observed as many an- 
swers in calculating separator design ca- 
pacities as there were persons doing the 
calculating. 

“As a result of this confusion we 
have reviewed some of the original ex- 
perimental work which was made avail- 
able through the courtesy of Mr. Hart 
We have prepared this paper in order to 
call attention to certain of these ap- 
parent discrepancies. In our discussions 
with Mr, Hart he believed the paper 
should be offered to you for your con- 
sideration first, because of the subject 
matters.” 

One way to get manuscripts is to have 
the good fortune to be recommended, 
for which we thank Mr. Hart as well as 
Mr. Powell and his associate, FE. L. 
Knoedler. 


The article will appear shortly. 


The April Issue 


Last November during the annual 
meeting of the American Petroleum In- 
stitute the most popular of the technical 
papers seemed to be one of great length, 
“Miscellaneous Fractionating Tech- 
niques.” Since then there have been re- 
quests for copies, which were available 
in the press room in Chicago 

Its length presented a problem, an- 
other of which was its preparation for 
publication. Scarcely a week since No- 
vember has passed without some work 
being done in preparing this paper for 
presentation in the April, 1947, issue of 
PerroLEUM RerFiNer. Now it is down to the 
straight type setting and all that remains 
ahead of actual printing is proof reading 
by one of the six authors: 

J. J. Ciealese and G. S, Houghland, 
The M. W. Kellogg Company; J. A. 
Davies, The Texas Company; P. J. Har- 
rington, Standard Oijil Development 
Company; A. J. L. Hutchinson, Fish 
Engineering Company; and T. J. Walsh, 
The Standard Oil Company (Ohio). 

This manuscript really amounts to a 
textbook on fractionation, and its presen- 
tation in one issue of PeTroLEUM REFINER 
will take care of the regrets that have 
come through failure to get preprints at 
the last API meeting. 

Andther shift in editorial content for 
the April issue, which will stress the 
processing involved in natural gasoline 
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and cycling operations, came with ar- 
rival of a release through the engineer- 
ing department of The Fluor Corpora- 
tion “Evaluating Cooling Tower Per- 
formance for the Process Man,” which 
will be a part of the April number. 

Each year April draws its material 
from cycling and natural gasoline for the 
reason that the annual meeting of the 
Natural Gasoline Association of America 
is held then. This year it will be in the 
Baker Hotel, Dallas, April 23, 24 and 25. 

Descriptions of some of the recent 
new cycling plants, an article on recov- 
ery of liquids by refrigeration in trans- 
mission, one on: safety and the final 
chapter of the series on Basic Petroleum 
Chemistry by J. J. Stadtherr will be in 
this April issue. 


NGAA Meeting 


Getting all the subjects in the hands 
of proper and willing speakers for the 
annual meeting of the Natural Gasoline 
Association of America was the job 
given H, W. Harts, vice president, War- 
ren Retroleum Company. The meeting 
will be held in Dallas April 23, 24 and 
25, in the Baker Hotel. 

A letter from William H. Lowe, asso- 
ciation secretary, gave the theme of the 
meeting as “the summary of all existing 
information on the real postwar auto- 
motive engines and the motor fuels.” 
Leading technical experts from the au- 
tomotive, the refining and the natural 
gasoline fields will appear on one session 
for an exhaustive presentation. 

The “Information Please” session will 
come along the final day with emphasis 
on plant problems. 

Again the Natural Gasoline * Supply 
Men’s Association will have charge of 
entertainment features, foremost of 
which will be the buffet-dinner the 
evening of April 24. 


4 


H. W. HARTS 





Up For Decision 


With the printing of one more chapter, 
“The Refinery of the Future,” the series 
of articles on basic petroleum chemistry 
by John J. Stadtherr will be complete 
Then an answer can be given as to what 
shall be done with the scores of requests 
for reprints. 

Recently one inquiry involved a com 
plete training program in a foreign 
plant. Most of the requests are for a 
complete set of the 10 chapters, usually 
from someone who entered a subscrip- 
tion after the series had started. 

The whole assortment of inquiries will 
be studied. Meanwhile others may want 
to be on a list. 

How to reproduce the series and how 
to distribute the reprint are questions 
for consideration. Printing facilities con- 
tinue to be as crowded as hotels. No 
longer is it practical to instruct the plant 
to produce a few or many reprints. All 
too often the time lag is discouraging. 

But some disposition must be made 
of the requests on file in response to the 
most popular series of articles yet 
printed in PETROLEUM REFINER. 


Studies in Corrosion 


Concerning his manuscript, “Corrosion 
Studies for the Refining Engineer,” Pro- 
fessor F. A. Rohrman, Kansas State 
College, wrote: 

“The entire purpose of the paper is to 
present fundamentals so that the aver- 
age engineer can understand corrosion 
Since my talks before the National As- 
sociation of Corrosion Engineers in 
Kansas: City and the American Chemical 
Society in Wichita, I have been deluged 
with requests for copies of these papers 
Just last week I had one from France 
and one from Russia.” 

The two papers were responsible for 
working out a series of three articles, on 
which type has been set and proof pre- 
pared for the author, The'three are to be 
run consecutively, and the month for the 
first will not be determined until thi 
editorial schedule indicates consecutive 
use. 


Service 


For his “exceptionally outstanding 
service in the development of engine 
fuels and lubricants for military air- 
craft,” Major John B. Duckworth, assist- 
ant director of research of Standard Oil 
Company (Indiana), was awarded the 
Legion of Merit by the United States 
Army Air Forces at the Army air base at 
Park Ridge, Illinois, March 4. 

Major Duckworth’s citation reads: 

“As test engineer, chief of the fuel 
unit, and assistant chief, fuel and oil 
branch, power plant laboratory, head- 
quarters, air materiel command, from 
August, 1942, to January, 1946, Major 
Duckworth rendered exceptionally out- 
standing service in the development o! 
engine fuels and lubricants for military 
aircraft. His brilliant planning and exe- 
cution of fuel development projects were 
contributing factors in the supply of! 
high aviation gasoline to our combat 
aircraft throughout the world.” 
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ORE uniform filtrate clarification . . . or solid recovery ... 

by reason of the high standard uniformity achieved in 

the weaving of MT. VERNON Extra filter fabrics, is an out- 

, standing ‘reason why’ for the constantly increasing use of these 

er more uniform filter fabrics. In addition, their woven-in stamina 

~ causes them to stand up longer under the harshest kind of clean- 
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SCIENCE AND TECHNOLOGY 


ABSTRACTS 


prepared in cooperation with 

PETROLEUM REFINER 
by 

THE LESLIE LABORATORIES 


Traver Road, Ann Arbor, Michigan 
under supervision of 


DR. E. H. LESLIE and DR. H. B. COATS 





cost by the Laboratories. 


The abstracts here presented are selected from the current 
literature of science and technology to afford reference to 
fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade 
journals are not included. 

| Photostat copies of original articles will be supplied at cost 
by The Leslie Laboratories. Complete or limited bibliographies 
covering special topics by title, by abstracts, or in complete 
manuscript, will also be prepared and furnished at reasonable 














Fundamental Physical and Chemical Data 





Purification and Sealing “In Vacuum” 
of Natural Bureau of Standards Stand- 
ard Samples of Hydrocarbons. BeveripcE 
J. Marr, Domenic J. TERMINI, CHARLES 
B. WILLINGHAM, AND FReperIcK D. Ros- 
stnt, J. Research Natl. Bur. Standards 37 
(1946) pp. 229-38. 

Methods of purification of the stand- 
ard hydrocarbon samples are described, 
as well as the procedure for sealing in 
vacuum for hydrocarbons having normal 
boiling points below 170° C. and melting 
below room temperature. Certified sam- 
ples of n-pentane, isopentane, n-hexane, 
2-methylpentane, 3-methylpentane, 2,2- 
dimethylbutane, 2,3-dimethylbutane, 
n-heptane, 2,2,4-trimethylpentane, meth- 
ylcyclopentane, cyclohexane, methylcy- 
clohexane, benzene, toluene, ethylben- 
zene, 1,2-dimethylbenzene (o-xylene), and 
meta-zylene, para-xylene, and isopropyl- 
benzene have been prepared. The sam- 
ples contain 0.01 to 0.36 mol-percent of 
impurities. The apparatus and procedure 
for transferring standard samples of Cs 


Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, 33rd, Federal, and | 
Dearborn Streets, Chicago 16, Illi- 
nois, has received urgent requests 
for the chemicals listed below. If 
anyone has one or more, even if 
only .one gram quantities, please 
inform the registry. 
2,4-Dimethylbenzaldehyde 
2,6-Dimethylbenzaldehyde | 
3,4-Dimethylbenzaldehyde 
3,5-Dimethylbenzaldehyde 
2,3,5-Trimethylbenzaldehyde 
? 
3 
2 


I 
,3,5- 
,4,5-Trimethylbenzaldehyde | 
,4,5-Trimethylbenzaldehyde 
,3,4,5-Tetramethylbenzaldehyde 
Pentamethylbenzaldehyde 
Mono, di- and trimethylanthracenes 
Mono, di- and trimethylphe- 
nanthrenes 
Mono, di- and trimethyldiphenyls 
Mono, di- and trimethylacenaph- 
thenes 
Mono, di- and trimethylfluorenes 
Mono, di- and trimethyltetralins 
Aryl and alkyl mono- and dicyclo- 
hexylamines 
Aliphatic and aromatic amine 
nitrites 
Lead tetraoxysulfate 
o-n-Butylphenol 





164 


and higher hydrocarbons under vacuum 
are described: 


Thermodynamic Properties of Ethane. 
C. H. BarKetew, J. L. VALENTINE AND 
C. O. Hurp, Trans. Am. Inst. Chem. 
Engrs. 43 (1947) pp. 25-38. 

Increasing interest in deep refrigera- 
tion for low-temperature fractionation 
and related operations makes accurate 
knowledge of the thermodynamic prop- 
erties of the light hydrocarbons neces- 
sary. The paper adds ethane to the list 
of light hydrocarbons for which reliable 
thermodynamic properties are available. 
The literature of the entire subject is 
reviewed. The authors made use of 
available data and recalculated the ther- 
modynamic properties. The maximum 
uncertainties are believed to be as fol- 
lows: vapor pressure, £0.5 percent; spe- 
cific volume, £0.5 percent; enthalpy, 
+1 Btu/lb.; entropy, £0.001 Btu/(Ib.) 
(°R); activity coefficient, £0.005: except 
near the critical state, where the uncer- 
tainties are somewhat larger. The results 
of the calculations are presented in de- 
tail in two tables; Thermodynamic 
Properties of Saturated Ethane, and 
Thermodynamic Properties of Super- 
heated Ethane. A pressure-enthalpy dia- 
gram is included and also a diagram of 
the compressibility factor for ethane. A 
bibliography of 17 references is in- 
cluded. 


The Heat Capacity of Gaseous Cyclo- 
pentane, Cyclohexane and Methylcyclo- 
hexane, RALPH SpItzER AND KENNETH S. 
Pitzer, Jour. Amer. Chem. Soc. 68 (1946) 
pp. 2537-38. 

The heat capacities of gaseous cyclo- 
pentane, cyclohexane and methylcyclo- 
hexane were measured from tempera- 
tures slightly above the boiling point to 
250° C. A few measurements were made 
at reduced pressures and these indicated 
that the heat capacities of the ideal gases 
are given approximately by the Berthelot 
correction. Cycloparaftins are of special 
interest because their geometry restricts 
internal rotation about the carbon-car- 
bon single bonds. Therefore, a study 
of the thermodynamics and molecular 
structure of these hydrocarbons should 
lead to increased knowledge about the 
form and nature of the potential hinder- 
ing rotation in hydrocarbons. 


Phase Equilibria in Hydrocarbon Sys- 
tems. H. H. Reamer, B. H. SAGE, AND 
W. N. Lacey, Ind. Eng. Chem. 39 (1947) 
pp. 77-82. 

The results of an investigation to es- 
tablish the volumetric and phase _ be- 


havior of the system methane-n-butane- 
decane at pressures up to 10,000 psia 


, and at temperatures between 100° and 


460° F. are reported. Five solutions of 
these hydrocarbons were studied. Con- 
centrations of these solutions were 
chosen so as to have a fixed molal ratio 
of n-butane to decane of approximately 
2 to 1, whereas the mole fraction of 
methane was varied from 0.3785 to 
0.9775. Results establish the volumetric 
properties of these solutions in the 
single-phase region at pressures above 
that of the bubble point and, in the two- 
phase region, near the bubble-point 
boundary. The procedure used in the 
experimental work is described. The re- 
sults are presented in detail in tabular 
and graphical form and a bibliography 
of 16 references is included. 


Heat Content, Free-Energy Function, 
Entropy, and Heat Capacity of Ethyl- 
ene, Propylene, and the Four Butenes to 
1500° K. Jonn E. KILpatrickK AND KEN- 
NETH S. Pitzer, J. Research Natl. Bur. 
Standards 37 (1946) pp. 163-71. 

The values of the heat-content func- 
tion, free-energy function, entropy, heat 
content, and heat capacity are given for 
ethylene, propylene, 1-butene, cis-2-bu- 
tene, trans-2-butene, and isobutene in 
the ideal gaseous state at 298.16° K. and 
at 100° intervals from 300° to 1500° K. 
The values were calculated. The calcu- 
lated values of the heat capacity and 
entropy were compared with observed 
values when possible. 


Purification, Purity, and Freezing 
Points of Thirty-One Hydrocarbons of 
the API-NBS Series. Aucust R. GLas- 
Gow, Jr., Ete_yn T. Murpuy, CHarces B. 
WILLINGHAM, AND FREDERICK D., RossInl, 
J. Research Natl. Bur. Standards 37 (1946) 
pp. 141-5. 

Thirty-one hydrocarbons that had 
been received from various sources were 
purified by fractionation or azeotropic 
distillation. Benzene, and m- and p-xylene 
were purified by crystallization and cen- 
trifuging. Freezing-point determinations 
and calculations were made. The F.ps. 
for zero impurity in air at 1 atm. were: 
n-CsH»—129.723° =+0.015, 2-methylbu- 
tane—159.890° +0.012, n-CsH1u—95.342° 
+ 0.010, 2-methylpentane — 153.685° 
+0.010, 2,2-dimethylbutane — 99.73 
0.13, 2,3-dimethylbutane—128.41° +0.06, 
n-C:;Hsw—90.595° +0.010, 2,2,3-trimethyl- 
butane — 24.96° +0.05, 2,2,4-trimethyl- 
pentane—107.365° 0.013, cyclopentane 
—93.80° +0.04, methylcyclopentane— 
142.445° 0.012, cyclohexane 6.554 
+0.005, CsH. 5.533° £0.010, toluene— 
94.991°+0.012, EtPh — 94.950° +0.025, 
o-xylene — 25.175° 0.010, m-lene — 
47.872° +0.020, p-xylene 13.2633° +0.012, 
iso-PrPh—96.028° +0.010. Other freez- 
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From start to finish...a Girdler job 


ir headline statement applies 
to scores of gas processing plants 
designed, engineered, and built by 
Girdler for most of the big names in 
industry. 

It covers processes for gas manu- 
facture, purification, separation, and 
dehydration—processes involving 
hydrogen sulphide, carbon monox- 
ide, carbon dioxide, inert and con- 
trolled atmospheres, natural gas, re- 
finery gases, liquid hydrocarbons, 
hydrogen, nitrogen. 


DESIGNERS, ENGINEERS 


It is backed by an outstanding 
record in the development of gas 
processing improvements such as the 
HyYGIRTOL process for producing hy- 
drogen, the GrRBOTOL process for 
removal and recovery of the acidic 
gases, and commercial carbon di- 
oxide plants. 

It means, whatever your needs in 


GIRDLER 


March, 1947—A Gulf Publishing Company Publication 


gas processing plants, Girdler can 
take a big load off your shoulders 
and you can be certain of good re- 
sults by awarding the complete job 
to this responsible, qualified organi- 
zation. 


THE GIRDLER CORPORATION, LOUISVILLE 1, KY. 
GAS PROCESSES DIVISION 


DISTRICT OFFICES 
150 Broadway,N.Y.7 * 2612 Russ Bidg., San Francisco4 
311 Tuloma Bidg., Tulsa 3 


AND CONSTRUCTORS OF GAS PROCESSES PLANTS 
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STATE CAPITOL, 
ALBANY, Ni Y. 






HIGHER 
EFFICIENCY WINS 
IN NEW YORK STATE 


Cities, processing plants and manufacturing 
firms throughout the state of New York now 
own more than three hundred and twenty- 
five Layne high efficiency Well Water Sys- 
tems. These individually designed, quality 
built and correctly installed water systems 
are now producing millions of gallons of 
water daily at an amazingly low cost. 


Into all Layne Well Water Systems only 
the very finest quality materials have gone, 
thus providing the absolute maximum in 
long life with a minimum of upkeep cost. 


Layne Well Water Systems and Vertical 
Turbine Pumps possess many distinctive and 
definitely superior features that have been 
developed and thoroughly proven by Layne. 
Engineers the world over readily recognize 
Layne Well Water Systems as being the 
best that money can buy. 

For further information, catalogs, bulle- 
tins., etc., address LAYNE & BOWLER, INC., 
General Offices, Memphis 8, Tenn. 


PUMPS For 


Wells — Lakes — Rivers—Reservoirs— 
Irrigation Projects—are obtainable in 
sizes from 40 to 16,000 gallons per 
minute, powered by electric motor, 
V-belt or angle gear drives. Write 
for Pump Catalog. 











we WATER SYSTEMS 
VERTICAL TURBINE p UM e 5 


AFFILIATED COMPANIES: Layne-Arkansas Co., 
Stuttgart. Ark. * Layne-Atiantic Co.. Norfolk, Va. * 
Laye-Central Co., Memphis, Tenn. * Layne-Northern 
Co., Mishawaka, Ind. * Layne-Louisiana Co., Lake 
Charies, La. * Louisiana Well Co., Monroe, La. * 
Layne-New York Co., New York City * Layne-Northwest 
Co., Milwaukee, Wis. * Layne-Ohio Co., Columbus, Ohio 
* Layne-Pacific. Inc., Seattie. Wash. * Layne-Texas 
Texas * Layne-Western Co.. Kansas 
yne-Western Co. of Minn., Minneapolis, 
* International Water Supply -» London, +9 
* Layne-Hispano Americana, 8. A., Mexico, D. F. 


Co., Houston, 
City, Mo. * La 
Minn. 

Can., 
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ing points were taken on the actual sam- 
ples and are given in the article. 


Heats, Equilibriurn Constants, and 
Free Energies of Formation of the Al- 
kylbenzenes. Wma. J. Taytor, Donavp D. 
WaGMEN, Mary G. WILLIAMS, KENNETH 
S. Prrzer, AND Frepertck D. Rossrnt, J. 
Research Natl. Bur Standards 37 (1946) 
pp. 95-122. 

Values of the heat-content function, 
free-energy function, entropy, heat con- 
tent, heat capacity, heat of formation 
from the elements, free energy of forma- 
tion from the elements, and the loga- 
rithm of the equilibrium constant of 
formation from the elements are given 
for the hydrocarbons benzene, toluene, 
ethylbenzene, the 3 xylenes, normal and 
isopropylbenzene, the 3 methylethylben- 
zenes, the 3 trimethylbenzenes, and the 
higher normal alkylbenzenes. Equilibri- 
um constants are presented for some 
reactions involving alkylation, cycliza- 
tion, and trimerization. A bibliography 
of 27 references is included. 


Superfractionation Studies. C. C. Warp, 
R. M. Gooprne, anv B. H. Eccreston, /nd. 
Eng. Chem. 39 (1947) pp. 105-9. 

One hundred gallons of naphtha, rep- 
resenting 12 percent of Oklahoma City 
crude oil, were superfractionated in a 
pilot-plant unit having the equivalent of 
80 to 90 theoretical plates, and operated 
at a reflux ratio of about 40 to 1. One 
hundred and fifty fractions, each repre- 


senting 0.5 percent of the naphtha, were 
collected between 73° F, and 258° F. 
The composition of each of these frac- 
tions was determined by use of specific 
dispersions and refractivity intercepts, 
and the F-3 octane number of each frac- 
tion with 4.0 ml. of tetraethyl lead was 
determined. The relationships of com- 
position to distillation temperatures, den- 
sities, and octane numbers are presented 
graphically. The octane numbers of pure 
hydrocarbons with the tetraethyl lead 
addition were calculated and the results 
are presented in tabular form. The prop- 
erties of the iso-cuts were determined 
and the results are given in a table in- 
cluding ASTM distillation of the frac- 
tions. The composition of the iso-cuts in 
terms of individual hydrocarbons is also 
given. 


- Solubility of Boron Fluoride in Nor- 
mal Pentane. Georce N. CApe, RoBert E. 
DuNnN AND Haroip J. Hepp, Jour. Am. 
Chem. Soc. 68 (1946) pp. 2454-55. 

The solubility of boron fluoride in 
n-pentane was determined, with an aver- 
age error of about £5 percent, at 49, 66 
and 93° C. and total absolute pressures 
ranging from 3.8 to 14.8 atmospheres. It 
was found to be of the order of 1 to 12 
c. c. of boron fluoride per gram of nor- 
mal pentane. At constant partial pres- 
sure of boron fluoride, the solubility was 
found to be minimum at -about 70° C. 
Results are presented in tabular and 
graphical form. 





Chemical Composition and Reactions 





The Preparation and Identification of 
Alkylcyclopropanes: 1,1,2-Trimethylcy- 
clopropane and 1,2-Dimethyl-3-ethylcy- 
clopropane. JoHN D. BARTLESON, ROBERT 
E. BurK AND HERMAN -P. LANKELMA, 
Jour. Amer. Chem. Soc. 68 (1946) pp. 
2513-18. 

The Freund reaction for the prepara- 
tion of cyclopropane by the action of 
zinc on 1,3-dibromopropane was em- 
ployed for the preparation of several 
homologs of cyclopropane. 1,1,2-trimeth- 
yleyclopropane was prepared in high 
yields from 2-methyl-2,4-dibromopentane 
by the Freund reaction at low tempera- 
tures. The principal by-products were 
found to be 2-methyl-l-pentene and 
2-methylpentane. 1,2-Dimethyl-3-ethyl- 
cyclopropane was prepared in high yield 
from 3-methyl-2,4-dibromohexane. An 
improved method is given for the prepa- 
ration of secondary and tertiary organic 
bromides from alcohols or diols. 


The Reduction of Unsaturated Hydro- 
carbons at the Dropping Mercury Elec- 
trode. III, Mechanism of the Dimeriz- 
ing Addition of Sodium to Olefins. 
STANLEY WAWZONEK AND JOYCE WANG 
Fan, Jour. Amer. Chem. Soc. 68 (1946) 
pp. 2541-44. 

Certain olefins when treated with 
alkali metals add and dimerize in a man- 
ner similar to that shown for 1,1-di- 
phenylethylene. The behavior of unsatu- 
rated hydrocarbons at the dropping 
mercury electrode was found to resemble 
that observed with alkali metals. Both 
are sources of electrons with the drop- 
uing mercury electrode having the 


| advantage of being a controlled source. 


The mechanism of the reaction is dis- 
cussed. 


On the Course of the Reaction at 100° 
C. in the System Paraffin Oxygen. 
D. J. W. Kreuten, Jour. Inst. Pet. 32 
(1946) pp. 656-59. 

The author investigated the course of 
the reaction of the oxidation of solid 
paraffin. The paraffin used had the fol- 
lowing physical constants: mol. weight, 
418; melting point, 57° C.; aromatic 
rings, 0 percent; naphthenic rings, 0 per- 
cent, paraffins 100 percent. Small quan- 
tities of peroxides and aldehydes were 
present in the paraffin. The quantities of 
peroxides and aldehydes formed were 
found to be proportional to the time of 
oxidation. The quantity of acids was a 
power function of the time, If copper is 
present the peroxides are destroyed and 
an increase in the quantity of aldehydes 
observed. The results obtained by simi- 
larly oxidizing white oils, xylene, and 
solid paraffin were compared. 


Nitrodlefins by the Vapor-Phase Cata- 
lytic Cleavage of Esters of Nitro Al- 
cohols. Marvin H. Gop, Jour. Amer. 
Chem. Soc. 68 (1946) pp. 2544-46. 

The literature of the nitrodlefins is 
briefly reviewed. Methods used for the 
preparation of conjugated nitrodlefins by 
the vapor-phase cleavage of esters 0 
B-nitro alcohols is described. It was 
found that the acetic acid esters of 
B-nitro alcohols, and B-chlorinated nitro- 
paraffins undergo cleavage in the vapor- 
phase with nitrodlefins. The action 1s 
aided by catalysts such as aluminum 
phosphate, magnesium phosphate, cal- 
cium sulphate and silica gel. 


Kinetics, of the Diene Sulfur Dioxide 
Reaction. L. R. Drake, S. C. STOWE AND 
A. M. Partansky, Jour. Am. Chem. Soc. 
68 (1946) pp. 2521-24. 


The reaction of a conjugated diene and 
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! toClean | 
| Flame 

| Arresters! 


LAME arrestor valve plates 

have as many as 140 holes to 
the square inch. When these tiny 
holes become clogged with solid 
carbon-like deposits, cleaning is 
costly and difficult, downtime is 
prolonged. 


You can quickly restore these 
plates to full breathing efficiency 
by soaking them in a solution of 
a recommended Oakite cleaning 
compound. Oakite heavy-duty 
cleaning penetrates the tough 
clogging deposits, softens them 
for faster removal by brushing. 
Hose-rinsing cleans both plate 
surfaces and holes thoroughly. 
There is no danger of etching 
copper plates. 


This Book Helps 
SAVE 
Time and Money 


88 different time-saving cleaning 
and related procedures are de- 
tailed in the new Oakite Petro- 
leum Digest. Save hours and 
dollars by writing NOW for your 
FREE 28-page copy. No obliga- 
tion. 


OAKITE PRODUCTS, INC. 
508 Thames Street, NEW YORK 6, WN. Y. 
Technical Representatives in Principal Cities of U.S. & Canada 








ialized Industrial Cleaning 
MATERIALS © METHODS © SERVICE 


168 











sulfur dioxide in the presence of an 
inhibitor to form the monosulfone was 
found to be an equilibrium reaction. The 
dienes studied were butadiene, pipery- 
lene and isoprene. The heats of forma- 
tion of the sulfones weré measured, as 
were the energies of activation for the 
decomposition of the sulfones. Data are 
given in detail in tabular form and are 
presented graphically. 

Heat Transfer Coefficients for Con- 
densing Hydrocarbon Vapors. DANIEL A. 
9 ee, Ind. Eng. Chem. 39 (1947) pp. 
62-4. 

The theoretical Nusselt equation can 
be reduced to the form hm = C(L/w)” 
in which C is a constant, L is the hori- 
zontal tube length, in feet, and w is the 


rate of flow of condensate from the low- 
est point on the condensing surface, as 
lb./hr. All of the other terms in the 
Nusselt equation are combined into the 
constant C. Over the usual condensing 
temperature range for hydrocarbons the 
values of the constant C vary between 
700 and 800 for natural gasoline, between 
667 and 704 for gasoline and between 621 
and 684 for kerosine. Since the solution 
requires that only the condensate load- 
ing w/L be known, the necessity for 
determining values of the physical prop- 
erties of the hydrocarbons at the perti- 
nent film temperature is unnecessary. 
The application of the equation to the 
commercial design of condensers is jl- 
lustrated. 





Manufacture: Processes and Plant 





Continuous Preparation of Butadiene- 
Styrene Copolymer. J. J. Owen, C. T. 
STEELE, P. T. PARKER, AND E. W. CARRIER, 
Ind. Eng. Chem. 39 (1947) pp. 110-13. 

The continuous preparation of Buna-S 
was studied in one-stage, three-stage, 
and five-stage systems in the laboratory. 
Multi-stage procedure was used to mini- 
mize “short-circuiting.” Runs of 45 to 
618 hours were made. The number of 
stages, percentage conversion, amount 
and manner of.catalyst and modifier ad- 
dition, hydrogen ion concentration, and 
ratio of water to hydrocarbon were the 
principal variables studied. The data in- 
dicate that under comparable conditions 
and at the same extent of conversion the 
products from the one-, three-, and five- 
stage operation showed similar proper- 
ties. Increasing the number of stages did 
not show appreciable advantage. Under 
conditions comparable to those employed 
in batch operation, reaction rates were 
slower in continuous operation but could 
be increased by raising the reaction tem- 
perature or by the interstage injection of 
additional catalyst. The Buna-S made 
was of. quality equivalent to ‘that ob- 
tained in typical batch operation when 
the conversion level was lowered or at 
higher conversion levels if modifications 
were made in the reaction conditions, 
including interstage addition of modifier, 
interstage addition of catalyst, decreas- 
ing the water to hydrocarbon ratio, and 
lowering of the pH of the soap solution. 
Results of this study indicate that con- 
tinuous production of Buna-S is entirely 
feasible. 


Experiments on the Production of 


Toluene from Coal Tar Products and 


‘Other Sources. C. M. Cawtey, J. H. G. 


CarLiLtE, H. E. NeEwALL, AND F. E. T. 
KincMAN. Jour. Inst. Pet. 32 (1946) pp. 
660-83. 

The article reports results of work 
done in Great Britain during the war to 
meet the increased toluene requirements. 
Benzene, xylene, cresol, and naphthalene 
were viewed as potential raw materials 
for making toluene. Toluene was made 
from benzene in 94 percent yield by 
preparation of benzaldehyde from ben- 
zene and carbon monoxide in the pres- 
ence of aluminum chloride, followed by 
the hydrogenation of benzaldehyde to 
toluene. It was found that the xylene in 
solvent naphtha could be converted into 
toluene by cracking over silver gauze to 
give a yield of 38 percent in one stage. If 
pressure above atmospheric was used in 
an atmosphere of hydrogen the conver- 
sion reached 40 to 50 percent. Particular 
attention was paid to the preparation of 


toluene by the hydrogenation of cresol. 
A continuous process was developed 
working at a pressure of 10 to 20 at- 
mospheres and a temperature of 430- 
440° C. A semi-commercial plant was 
built. The yield of toluene was 87.3 per- 
cent of the theoretical. Methyl - cyclo- 
hexane to the extent of 7.3 percent also 
was made. Normal heptane was used as 
a raw material for cyclization, using 
chromic oxide supported on activated 
alumina as the catalyst. At a reaction 
temperature of 550° C., the yield of aro- 
matic hydrocarbons was 57 percent of 
the heptane treated. 


Estimating Chemical Piping Costs. 
R. J. Scuraver. Chem. Eng. 54 (1947) pp. 
109-10. 

Pipe material pricing data are pre- 
sented in tabular form for standard 
pipe, stainless-steel pipe, pyrex pipe, 
porcelain pipe, and saran piping. Fittings 
are included in this tabulation. In order 
to estimate the labor costs of pipe fit- 
tings, the author presents a formula for 
determining piping labor which com- 
bined with per-hour labor costs and ma- 
terial costs gives a reasonable basis for 
pre-construction cost estimates. The ap- 
plication of the procedure is illustrated 
by a typical example. If working condi- 
tions are cramped, 15 percent is added. 
If new piping ties into an existing sys- 
tem, 15 percent is added. If no fabrica- 
tion is permitted on the job, add 10 per- 
cent. 


Catalytic Desulfurization of High- 
sulfur Stocks by the Cobalt Molybdate 
Process. C. Berc, W. E. Braptey, R. I. 
Stirton, R. G. Farrrretp, C. B. Lerrert, 
AND J. H. Batrtarp. Trans. Am. Inst. 
Chem. Engrs. 1 (1947) pp. 1-12. 

Methods of sulfur removal that have 
been used in the industry are briefly re- 
viewed, including chemical treatments 
and contact treatments over oxide-type 
catalysts. None of these methods remove 
the refractory thiophenes and thiophanes. 
The process described utilizes cobalt 
molybdate and is a versatile method of 
desulfurization capable of handling the 
full range of petroleum stocks encoun- 
tered in refining operations and to re- 
move even the most refractory sulfur 
compounds contained in these stocks. 
The treatment is conducted in the pres- 
ence of hydrogen. Pilot-plant studies 
have shown the process to be effective 
in handling stocks containing 5.0 per- 
cent or more of sulfur. Sulfur contents 
of the products vary from 0.1 percent for 
light distillates to 0.5 percent for the 
heaviest distillates, including material m 
the lubricating oil boiling range. The 
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Only Buell Dust Recovery equipment Write for Buell’s book—“The van 
affords these six extra-efficiency fea- Tongeren System of Industrial Dust 
tures: 1—The “Shave-Off’; 2—Large Recovery”. 

. Diameters; 3—Extra-Sturdy Construc- 
tion; 4—Correct Hopper Design; 5— BUELL ENGINEERING CO., INC. 
Split-Duct Manifolding; 6—Inner Welds ‘ Suite 5001—70 Pine Street, New York 5, New York 
Ground Smooth. 


DESIGNED TO DO A JOB, 
NOT JUST TO MEET A “SPEC” 
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PEERLESS 
CENTRIFUGAL PUMPS 


( Formerly Dayton-Dowd } 
Use This Handy Guide 

te Help You Select the Pump 
Your Service Requires 











L. P. Gas Pump 


Gp: below are but a 
few pumps in the com- 
plete line of Peerless Centrifugal 
Pumps. Bulletins available. 























PUMP G.P.M. HEAD OR PRESS. 


Applications: Designed for gen- 
eral service water pumping in a 
variety of industries. Embodies 
advanced construction for high- 
efficiency, low-cost operation. 





Applications: Designed particu- 
larly for medium capacity, high, 
pressure boiler feed, oil refinery 
and pipe line service. Multi-stage, 
split case construction. 





Applications: Peerless Fire 
Pumps ( formerly Dayton-Dowd ) 
are the foremost in fire pumps. 
Embodying latest developments, 
their selection assures low cost, 
modern plant fire protection. Un- 
derwriter's approved. 





Applications: Especially devel- 
oped for chemical, refinery, paper 
mill, food and process industries. 
Designed to handle acids, black 
liquors, hot oil, caustics, etc. 


PEERLESS PUMP DIVISION 


Food Machinery Corporation 
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important variables have been evaluated, 
such as the effect of hydrogen sulfide in 
the hydrogen gas, and the effect of 
temperature, pressure, space velocity, 
and hydrogen rate. Most of the work 
has been done with light and eng Fpl 
tillates produced by coking Santa Maria 
Valley crude. The pilot plant used in the 
work is described and the data are pre- 
sented in considerable detail in tabular 
and graphical form. 

Acetone Direct from Acetylene. A. W. 
J. Dycx. Can. Chem. Process Inds. 30 
(1946) pp. 34-6. 


A new process for the synthesis of 


acetone is described. The original proc- 
ess used by Shawinigan Chemicals, Ltd., 
involved six stages. The present process 
involves the direct reaction of acetylene 
and steam in the presence of a catalyst, 
which contains a mixture of ferric oxide 
and zinc oxide. The FeO; is prepared 
by treating a 45 percent solution of 
ferric chloride with ammonia. The re- 
actor comprises a series of vertical tubes 
properly spaced and grouped in a cylin- 
drical unit. The reaction mixture enters 
the tube from the bottom. A diagram- 
matic flow sheet of the plant is given. 





Products: Properties, Utilization and Analysis 





Tendency to Smoke of Organic Sub- 
stances on Burning. Part II. Smoke Pro- 
duction and Burning Characteristics of 
Hydrocarbon Gels. F. H. Garner, T. G. 
Hunter, AND A. E. Ciarke. Jour. Inst. 
Pet. 32 (1946) pp. 643-55. 

During the war hydrocarbon-gels were 
widely used as filling materials for in- 
cendiary bombs. Also thickened kerosine 
has been used for beacons, flares and as 
a source of emergency heat. Smoke pro- 
duction from various hydrocarbon gels 
was measured. The methods employed 
and the results obtained are described 
in the paper. The effect of the following 
variables was studied: Chemical com- 
position of the hydrocarbon base; vola- 
tility of the hydrocarbon base, and vis- 
cosity of the gel. To reduce smoke for- 
mation, it was found the composition of 
the hydrocarbon base was most impor- 
tant. Volatility was of equal importance 
in controlling the burning characteristics. 
The viscosity of the gel had no apparent 
effect on smoke production. The more 
saturated or paraffinic the hydrocarbon 
base the less smoke generation. The use 
of a gel prepared from an aromatic-free 
saturated-hydrocarbon base results in a 
marked reduction in smoke formation. 
The aromatics, such as benzol, are par- 
ticularly bad as smoke producers. 


Quantitative Determination of Paraf- 
fins and Naphthenes in Gasolines. S. G. 
Hinptn AND A. V. Grosse. Anal. Chem. 
19 (1947) pp. 42-47. 

The authors recently described a lamp 
method for the accurate determination 
of the hydrogen content of liquid organic 
compounds and mixtures, particularly in 
saturated hydrocarbons. The present 
paper discusses the application of this 
technique to the estimation: of paraffins 
and naphthenes in gasolines, after re- 
moval of aromatics and olefins by any of 
the usual procedures, In view of the in- 
creased use of the various catalytic 
processes, the quantitative estimation of 
paraffins and naphthenes has been as- 
suming greater importance. The accu- 
racy of the procedure described is inde- 
pendent of isomeric composition; it 
varies from £1.5 weight-percent paraffin 
in the Cs cut up to £3.0 percent in the 
Cr cut. The application and use of the 
hydrogen-to-carbon ratio in the solution 
of various analytical problems is sug- 
gested. The data secured in the course 
of the work are presented in consider- 
able detail in tabular and graphical form. 


Determination of Aromatics and 
Naphthenes in Complex Hydrocarbon 
Mixtures Containing Olefins. R. M. 
Love, A. R. Papcerr, W. D. Seyrrien, 
AND H. M. Srtncieton. Anal. Chem. 19 
(1947) pp. 37-42. 

A simple and rapid method of analysis 


for the naphthenes and aromatics boiling 
in the range of 93° to 149° C. in naph- 
thas containing up to 40 percent of 
olefinic compounds was required in the 
course of the work at the Baytown Ord- 
nance Works in which toluene was pro- 
duced from petroleum. None of the 
methods described in the literature were 
regarded as suitable and this led to the 
development of the method described. 
Interfering olefins and diolefins, if pres- 
ent, were removed by bromination and 
steam-distillation; after fractionation of 
the steam-distillate, the aromatics and 
naphthenes were determined in selected 
fractions by taking refractive indices be- 
fore and after refraction with sulfuric 
acid. The method was found to be accu- 
rate to about £0.3 percent on aromatics 
and +1.0 percent on naphthenes. The 
method has certain limitations and will 
not reveal such compounds as unsatu- 
rated naphthenes, since they are re- 
moved in the bromination and steam- 
distillation step. It will not distinguish 
between the Cs aromatics, nor between 
naphthenes of the same boiling range, 
such as methylcyclohexane and ethyl- 
cyclopentane, nor between the various 
dimethylcyclohexanes. However, the 
presence of conjugated diolefins, which 
are troublesome in other methods of 
analysis, does not affect the results ob- 
tained by this method. 


Determination of Traces of Fluorine 
in Organic Compounds. W. B. Hucka- 
BAY, R. H. Busey, AND A. V. METLER. 
Anal. Chem. 19 (1947) pp. 59-63. 


A method is given for determining 
very small amounts of fluorine as or- 
ganic fluoride in the solutions of other 
organic substances. The sample is vapor- 
ized and burned from a jet. Combustion 
is completed by passing the products 
over hot platinum in the presence of 
oxygen. After collection in an absorp- 
tion tower, the fluorine is determined 
volumetrically by a combination of con- 
ventional methods. Results obtained are 
superior to those obtained by other cur- 
rent methods, in that the decomposition 
of the fluoride is more complete than 
when the material is simply burned from 
a jet. Sensitivity of the method is limited 
only by the size of the sample. Data 
are given for work on samples of known 
fluorine content. The general method of 
decomposition is applicable to analogous 
cases when the sample contains traces 
of organic compounds’ of the other 
halogens and possibly sulfur. Data are 
given for organic bromides. The appa- 
ratus used in the work is described in 
considerable detail and the procedure is 
given. A bibliography of 18 references is 
included. 
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U.S.P. 2,412,765. Recovery of Hydro- 
carbons. E. Buddrus and S. C. Carney 
to Phillips Petroleum Company. 
Petroleum oil is produced from par- 

tially depleted wells or oil-bearing for- 

mations by injecting condensible hydro- 
carbon vapors consisting of propane and 
butane at atmospheric temperature and 
at a maximum pressure only slightly 
higher than the vapor pressure of pro- 
pane at formation temperature into the 
partially depleted oil-producing or bear- 
ing formation. The injected vapors are 
permitted to condense within the pores 
of the formation, thereby warming by 
the available heat of condensation the 
residual crude oil and dissolving this 
residual oil. The mixture of fully con- 
densed propane, butane and petroleum 
oil is fractionated into a crude oil bot- 
toms and propane and butane vapor. 

This vapor is recycled into the partially 

depleted oil-producing or bearing for- 

mation. 


U.S.P. 2,412,791. Method for Purifying 
Mineral Oils. L. C. Waterman to 
Petrolite Corporation, Ltd. 
Water-dispersable impurities are re- 

moved from a stream of crude oil flow- 
ing at a non-uniform rate by mixing 
with this stream a stream of relatively 
fresh water to form a stream of oil- 
continuous emulsion in which droplets 
of water coexist with water-dispersable 
impurities. This stream of emulsion is 
divided into a plurality of separate 
streams which are delivered to a plur- 
ality of separate high-intensity electric 
fields in separate settling spaces disposed 
at the same level. The dispersed water 
is coalesced, and the water-dispersable 
impurities are brought into association 
therewith. The electrically treated con- 
stituents of each separate stream are 
separated in its corresponding settling 
zone to produce therein bodies of puri- 
fied oil and water which contains most 
of the impurities. Streams of water are 
simultaneously withdrawn from each of 
these zones and are combined. The rate 
of flow of water in the combined stream 
is controlled in accordance with changes 
in the total amount of separated water 
in only one of the separating zones and 
in a manner to maintain the total amount 
of separated water in this zone sub- 
stantially constant. Streams of purified 
oil are withdrawn from the upper ends 
of the separate settling zones and are 
combined. This combined oil stream is 
throttled in response to changes in pres- 
sure of this stream and in a manner to 
maintain the pressure in the settling 
zones substantially constant. 


U.S.P. 2.412,823. Furfural Recovery. 
B. J. Mayland to Phillips Petroleum 
Company. 

Furfural used as an extracting agent 
for unsaturated hydrocarbons is _ re- 
covered from its admixture with hydro- 
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carbons having boiling points so close to 
that of furfural as to make separation by 
distillation difficult, by subjecting the 
mixture to water extraction in the pres- 
ence of a liquid hydrocarbon having a 
boiling point substantially lower than 
that of furfural. Preferably a hydro- 
carbon of not more than 8 C atoms, 
such as n-pentane, is employed. 


U.S.P. 2,412,880. Azeotropic Distillation 
of Butadiene and 2-Butene. F. E. Frey 
to Phillips Petroleum Company. 
Butadiene is separated in a highly con- 

centrated form from other C, hydro- 
carbons by subjecting a hydrocarbon 
material essentially comprising n-butane, 
1-butene, 2-butene, and butadiene, with 
the proportion of 2-butene being greater 
than the proportion of butadiene, to 
fractional distillation in the presence of 
SO: in an amount sufficient to form 
minimum-boiling azeotropes with all of 
the n-butane and 1-butene present but 
insufficient to form an azeotrope with 
the major portion of the 2-butene pres- 
ent. A separation of 2-butene and buta- 
diene as a kettle product substantially 
free of other Cs, hydrocarbons is thus 
effected. The kettle product is subjected 
to a second: fractionation in the absence 
of SO: to separate concentrated buta- 
diene. 


U.S.P. 2,413,185. Removal of Volatile 
Metal Halides from Fluids. W. A. 
LaLande, Jr., to Porocel Corporation. 
Volatile metal halide, such as AICls. 

is removed from a non-aqueous fluid 

containing the same particularly from 

a hydrocarbon fluid by contacting the 

fluid with an alkali metal’ acid sulfate 

which is converted to alkali metal sul- 
fate, metal sulfate and hydrogen halide. 

The treated fluid containing hydrogen 

halide is separated from the sulfates, and 

the hydrogen halide is then removed 
from the fluid 


U.S.P. 2,413,245. Azeotropic Distillation 
of Toluene. H. C. Reed and B. M. 
Holt to Union Oil Company of Cali- 
fornia. 

Aromatic hydrocarbons, such as tolu- 
ene, are separated from non-aromatic 
hydrocarbons of similar volatility by dis- 
tilling the mixture of hydrocarbons in 
the presence of an azeotrope-former 
having a volatility similar to that of the 
hydrocarbons, such as methyl ethyl 
ketone, and a solvent of lesser volatility 
which is substantially insoluble in the 
hydrocarbons and has a higher molal heat 
of vaporization than the azeotrope-former, 
e.g., water. The distillate comprises sub- 
stantially all of the non-aromatic hydro- 
carbons, the major proportion of the 
azeotrope-former and solvent. The bot- 
toms fraction comprises substantially 
pure aromatics and a minor proportion 
of azeotrope-former and solvent. The 
distillate is cooled and condensed. It 
separates into two phases, a _ solvent 
phase containing a major proportion of 
solvent and a minor proportion of azeo- 


trope-former, and a hydrocarbon phase 
consisting predominantly of non-aromatic 
hydrocarbon and azeotrope-former. The 
latter is separated from the hydrocar- 
bons by a process involving selective 
solution of the azeotrope-former in said 
solvent. The azeotrope-former is sepa- 
rated from the solvent by a distillation 
process in which all of the: azeotrope- 
former is vaporized and distilled to- 
gether with a portion of the solvent. 
The ratio of solvent to azeotrope-former 
in the distillate is greater than that in 
the distillate of the first named distilla- 
tion, while pure solvent is left as bot- 
toms. The distillate comprising azeo- 
trope-former and solvent is recycled to 
the azeotropic distillation step. 


U.S.P. 2,413,253. Purification of Indene. 
F. J. Soday to The United Gas Im- 
provement Company. 

Indene derived from light oil is puri- 
fied by commingling the impure indene 
with less than 5 percent by weight of 
finely divided metals or alloys of metals 
of groups I A or II A of. the periodic 
system, such as sodium, potassium, or 
calcium. The indene is recovered from 
the resulting mass in a purified form. 


U.S.P. 2,413,254. Process for Refining 
Unsaturated Hydrocarbon Material 
with an Alkali or Alkaline Earth 
Metal. F. J. Soday to The United Gas 
Improvement Company. 

A mixture of olefinic material contain- 
ing acetylenic material is continuously 
passed in a vapor phase at a tempera- 
ture below 100° C.-through a dispersion 
of a finely divided metal or alloy of 
metals of groups IA or IIA of the peri- 
odic system. The dispersion contains less 
than 30 percent by weight of the finely 
divided metal or alloy and is at least 
one foot in thickness in the direction of 
flow of the mixture. The concentration 
of the olefin material in the reaction 
zone is maintained below 80 percent by 
weight of the total material present. The 
rate of flow per hour of the mixture 
through the dispersion is maintained at 
less than four times the weight of dis- 
persion medium employed. Olefin mate- 
rial less contaminated with impurities, 
such as acetlyenic material is continu- 
ously removed from the reaction zone 
sufficiently rapidly to prevent a large 
loss of olefin by polymerization. 


U.S.P. 2,413,255. Process for Refining 
Styrene and Methyl Styrene. F. J. 
Soday to The United Gas Improve- 
ment Company. 

A hydrocarbon mixture containing 
styrene or methyl styrene and impuri- 
ties including acetylenic compounds y 
treated in the manner described 
U.S.P. 2,413,254 to obtain refined sive 
or methyl styrene. ‘ 
U.S.P. 2,413,256. Chemical Process and 

Product. F. J. Soday to The,.United 

Gas Improvement Company, ,.* » 

The process of U.S.P. 2,413, 5E4 is used 
for refining a light oil diolefine fraction 
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CG — THIS CARBON TANK LINING 
IS STILL IN GOOD OPERATING CONDITION! 





hydrofluoric solutions for 13 years? That 
is the record of this “National” carbon brick 
tank lining. 

WHATEVER Yes, carbon has proved itself unmatched 
for lining acid-bearing tanks and towers. 
YOUR PROBLEM Equally useful for building these tanks and 
—CONSIDER towers, with or without supporting walls, is 

CARBON OR “Karbate” impervious graphite. 
GRAPHITE These two lightweight, inert materials 


are unaffected by hydrochloric, sulphuric, 
lactic, acetic, hydrofluoric acids; by mixed 
acids; and by special caustic vapors and 
other corrosive liquids and gases. Both 
also withstand heat shock. “Karbate” im- 
pervious graphite resists seepage under 
pressure and is mechanically strong. 

Both materials are available in brick and 
blocks, in standard and special shapes. For 
more details on how these materials can be 
useful in your plant, write Dept. PR. 


ss NATRONA CARBON COMPANY, INC) 


Unit of Union Carbide and Carbon Corporation 30 East 42nd Street, New York 17, N. Y. 
The words “National” and “Karbate” are registered Division Sales Offices:. Atlanta, Chicago, Dallas, 
trade-marks of National Carbon Company, Inc. Kansas City, New York, Pittsburgh, San Francisco 
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| containing acetylenic impurities, particu- 


larly a butadiene fraction. 


U.S.P. 2,413,257. Process for Purifying 
Piperylene. F. J. Soday to The United 
Gas Improvement Company. 

The process of U.S.P. 2,413,254 is used 
for the refining of piperylene containing 
corresponding impurities. 


U.S.P. 2,413,260. Refining of Aromatic 
Hydrocarbons with Acid-Acting Me- 
tallic Halides. F. ‘ys Soday to The 
United Gas Improvement Company. 
Aromatic hydrocarbon material boil- 


| ing below 400° C. and contaminated 

with polymerizable impurities of similar 
| boiling points is contacted with an acid- 
| acting metallic halide catalyst under con- 
| ditions causing the formation of polymer 


from a portion of the impurities. The 
catalyst is then neutralized and the aro- 


| matic hydrocarbon material is separated 
| from the resulting reaction mass includ- 


ing the polymer. The aromatic hydrocar- 


| bon material is then again contacted 
with additional acid-acting metallic hal- 


ide catalyst to form additional polymer, 
and the reaction mass is treated as be- 
fore to obtain refined aromatic hydro- 
carbons. 


| U.S.P. 2,413,262. High-Compression 


Thermometers 


The legible, wide open scale on the WESTON thermometer permits 
you to take full advantage of its inherent, long-time accuracy. Even 
from a distance, readings can be made “right on the nose.” 


WESTON thermometers are available in a variety of types, stem 
lengths ‘and scale ranges for most industrial applications. If your 
jobber cannot supply you, see your local WESTON representative, or 
write for Thermometer Bulletin . . . Weston Electrical Instrument 
Corporation, 655 Frelinghuysen Avenue, Newark 5, New Jersey. 


MAX-MIN models also available to indicate 
highest or lowest temperature reached. 


Weston Zoatanomentt 


Motor Fuel. R. I. Stirton to Union Oil 

Company of California. 

The patent relates to an aviation-type 
gasoline having a compatibility tempera- 
ture below about —50° F. and which 
comprises a blend of 0.5-15 percent of an 
amine with 7-12 C atoms, such as xyli- 
dine or N-methyl] aniline. The blend fur- 
ther comprises more than 5 percent of 
aromatic hydrocarbons with 7-10 C 
atoms, and a mixture of hydrocarbons 
boiling in the gasoline range other than 
said aromatic hydrocarbons with 7-10 
C atoms. More than 2 ml. per gallon of 
tetraethyi lead are added. The final 
blend has an anti-knock rating at least 
equal to that of 2,2,4-trimethyl pentane. 


U.S.P. 2,413,310. Process for the Re- 
covery of Hydrocarbons from a 
Sludge. H. S. Bloch to Universal Oil 
Products Company.- 

A sludge formed by the treatment of 
hydrocarbons with a metal halide or a 
hydrogen fluoride catalyst is commingled 
with an aqueous hydrolyzing medium 
and a_ low-boiling substantially inert 
hydrocarbon liquid. The sludge is hy- 
drolyzed while the hydrocarbon liquid is 
refluxed to dissipate the exothermic heat 
of hydrolysis as the heat of vaporization 
of this liquid and to maintain the hy- 
drolysis temperature at the boiling point 
of the liquid. Hydrocarbons liberated 
from the sludge by hydrolysis are re- 


| covered from the reaction mixture. 


Water or dilute acid, alkali or salts can 
be used as the hydrolyzing medium, and 
butane, pentane, or a naphtha fraction 
boiling as high as about 200° C. can be 


| employed as the hydrocarbon liquid to 


be refluxed. 


U.S.P. 2,413,482. Diesel Type Fuel. B. T. 
Anderson and M. T. Flaxman to 
Union Oil Company of California. 
The patent relates to a highly refined 

fuel of the diesel type deficient in lubri- 

cating properties which contains a smal 


| proportion of a lubricity agent soluble in 


the fuel. The proportion of this agent 1s 
sufficient to impart lubricating char- 
acteristics to the fuel but is present in an 
amount of less than about 1 percent. The 
lubricity agent comprises an_ extract 
from a petroleum fraction boiling above 
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for | 
Pet 'oleum Processing 


| t’s one thing to produce an effect in the laboratory... and quite another to get the 


same results on a commercially practical scale. 


That’s why UOP has developed a highly specialized system of pilot plant operation 
... the-means by which potential processes may be thoroughly and accurately 


tested and evaluated. 


Designed and built to simulate standard operating conditions, these pilot plants 
provide a transition stage between laboratory discovery and practical 
commercialization of a process. Operating on a charging rate as low as one gallon 
per hour, these pilot plants make possible a most detailed study of each step and an 
accurate evaluation of the effects of process variables. Samples of the product 

are sufficiently large to permit complete analysis. And 
results are adequate for use as a basis for reliable 
estimates of the performance of commercial units 


handling up to 20,000 barrels per day. : 





With UOP, no laboratory discovery is considered a process 
until it has passed successfully through this “proving ground.” No guesswork 
is indulged in. Commercial practicality ... maximum efficiency and economy . .. must 


be thoroughly demonstrated before any UOP process is offered to the industry. 


That, no doubt, is one of the important reasons for the outstanding success of the 


hundreds of UOP installations in active operation throughout the world. 


pAVERSAE Ol PRonycrs company 


General Offices: 310 S. MICHIGAN AVE. @ CHICAGO 4, ILLINOIS, U.S.A, 


LABORATORIES: RIVERSIDE, ILLINOIS 
UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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HIGH-VOLATILE LIQUID 


STORAGE NEEDS 
DEPENDABLE 


FIRE PROTECTION 


Fog Nozzles 










Blaw-Knox Aquatomic 





have four features that assure depend- 






able protection: 





7 Non-clogging. 


2 
§ 
¢ 





Maintain spray pattern at 
lowered pressures. 






Drive spray to base of fire. 


Give maximum cooling 
and quenching effect. 


solso— 


Blaw-Knox offers 
Stenderd Wet and 
Dry Pipe Systems, as 
well os Thermostatically 
Controlled Pre-Action 
ond Deluge Systems, 

















Write for details. 


seguatomée 
FOG NOZZLES 


BLAW-KNOX 


SPRINKLER DIVISION 


ly 832 Beaver Ave., N.S., 
Pittsburgh 12, Penne. 













300° F. and containing phenol homologs 
and naphthenic acids. An aqueous so- 
dium hydroxyde solution is employed 
for extracting the petroleum fraction, 
and the aqueous extract thus obtained is 
acidified to release said phenol homologs 
and naphthenic acids. 


U.S.P. 2,413,503. Absorption Process. 
D. La Verne Katz to Phillips Petro- 
leum Company. 

Desirable’ constituents are separated 
from the gaseous effluent of a conden- 
sate well within the pressure range of 
3000-6000 1 si by contacting the gas at a 
first point with a first absorber oil of 
average mol weight 180-280 and further 
contacting the gas at a second point 
with a second absorber oil of low vis- 
cosity and average mol weight 300-600 
to remove vapors of the first absorber 
oil. The two absorber oils are mixed at 
said first point. The absorbed desired 
constituents are stripped from the mixed 
oil. A portion of the stripped mixed ab- 
sorber oil is returned to the first con- 
tacting step. The remaining portion of 
this oil is separated into a heavy reisdue 
and low-boiling constituents. The latter 
are fractionated to separate lower-boil- 
ing constituents from the low-viscosity 
high-boiling absorbent which is reused 
as the second absorber oil 


U.S.P. 2,413,674. Multistage Method of 
Purifying Styrene. H. M. Weir to The 
United Gas Improvement Company 

stvrene with xylenes in- 

cluding o-xylene is fractionated to pro- 
duce a fraction richer in styrene than 
any eutectic composition capable of be 
between styrene and other 
this fraction. The frac 
subjected to fractional 

cooling to produce a 

crystals and 


\ mixture of 


ing formed 
constituents of 
tion is” then 
crystallization by 


mass comprising styrene 

liquid-phase material richer in xylene 
than said fraction and richer in styrene 
than any said eutectic composition. The 
liquid-phase material is separated from 
said mass to leave a remaining mass 
containing xylene but richer in styrene 


than said fraction. This remaining mass 
is fractionally distilled to further concen 
trate stvrene therein. From a light oil 
material produced in the manufacture of 
combustible gas by a process involving 
the pyrolysis of petroleum oil a fraction 


containing 45-80 percent styrene can be 


obtained by the first fractional distilla- 
tion. The final product of this process 
then contains more than 95 percent 
styrene 


U.S.P. 2,413,868. Removal of Organic 
Fluorine. F. FE. Frey to Phillips Pe- 
troleum Company 
Hydrocarbon material containing a 

minor quantity of organically combined 

‘as obtained for example in the con- 

version of hydrocarbons in the presence 

of a HF catalyst, is subjected to the ac- 


tion of a granular product resulting from ° 


treating bauxite with a solution of HF 
in a liquid paraffinic-hydrocarbon stream 
at a temperature of 50-350° F. for a time 
such that the bauxite takes up substan- 
tially more HF from the hydrocarbon 
solution than stoichiometrically corre- 
sponds to the Al in the bauxite. This 
action is effected at a temperature and 
for a time such that no extensive chemi- 
cal changes in the hydrocarbon material 
itself are effected but that the organic 
fluorine compounds are decomposed to 
fluorine-free compounds and free HF. 





U.S.P. 2,413,871. Process for Removing 
Organically Combined Chlorine from 
Hydrocarbons. H. J. Hepp to Phillips 
Petroleum Company. 

Hydrocarbons containing organically 
combined Cl are treated with a mixture 
of alumina, e.g., dehydrated bauxite, and 
quicklime under conditions such as to 
effect decomposition of at least a major 
proportion of the organic Cl compounds 
to torm HCl and combination of this 
HCl with the quicklime. The conditions 
are also such that no extensive chemical 
changes in the hydrocarbons are effected. 
The mixture can, for example, contain 
5-25 percent of quicklime. A tempera- 
ture of 300-900° F. and a pressure rang- 
ing from atmospheric to 100 psi can b¢ 
used for effecting the decomposition of 
at least 85 percent of the organic chlorine 
compounds present. 


U.S.P. 2,413,938. Refining Hydrocarbon 
Distillates. C. E. Adams and T. B. 
Tom to Standard Oil Company (In- 
diana). 

containing 


Hydrocarbon distillates 


weakly acidic substances are contacted 
with an aqueous solution of an alkali 
metal hydroxide and a solutizer com- 


prising an alkali metal salt of a carboxy 
ether with 3-8 C atoms. The process 
permits, e.g., the removal of mercaptans 
from hydrocarbons. The aqueous solu 


tion employed contains, for example, 
KOH and an alkali salt of propox) 
acetic acid 

U.S.P. 2,413,945. Treating Petroleum 


Distillates. J. A. Bolt to Standard Oil 

Company (Indiana) 

\ gasoline substantially sweet to the 
doctor test is obtained from sour gas 
line by extracting a major proportion of 
the mercaptans from the sour gasoline 
Remaining mercaptans are oxidized to 
disulfides in the presence of a phenolic 
mercaptan oxidation catalyst. A strong 
caustic alkali solution containing a solu 
tizer is conducted through the oxidatior 
zone and then through the extraction 
zone, countercurrent to the flow of gaso 
line. The caustic solution separated from 
the gasoline in the extraction zone is re- 
venerated by oxidizing a major propor- 
tion of dissolved mercaptans to disul- 
fides insoluble in this solution. The 
disulfides are separated and the solution 
is then returned to the oxidation zone, 
an oxygen-containing gas being supplied 
to this zone to complete the conversion 
of residual mercaptans. 





CATALYST PREPARATION 
ACTIVATION AND REGENERATION 





U.S.P. 2,412,696. Process for Regenera- 
tion of Cracking Catalysts. J. R. 
Schonberg and D. L. Campbell to 
Standard Oil Development Company. 
A hot freshly regenerated catalyst, 

such as an acid-treated clay, is suspended 

in a free-oxygen-containing gas and 
cooled while in suspension. This cooled 
suspension is mixed with a suspension of 
spent catalyst in a corresponding gas. 

The mixture is discharged into a regen- 

eration zone and maintained therein in 

a highly agitated state by causing it to 

flow in a multiplicity of vari-directional 

currents and for a,sufficient time to ef- 
fect the desired regeneration. A portion 
of the total hot regenerated catalyst re- 
covered is resuspended in additional 
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What kind of pipe do you need...to fight acid-corrosion? 


f au-tead Pipe? National Lead’s 
Chemical Lead Pipe has a 
long record of successful ap- 
plications. And there are defi- 
nite reasons for this. First, it is 
made of practically pure lead, 
which is free from bismuth 
and contains a small amount 
of copper to increase corrosion 
resistance. Second, it is fabri- Whatever your problem, National 
cated by an extrusion process Lead has the lead pipe you need 
whisk acemees unifeen wall and a full line of fittings to 
. go with it. Here’s a lead dis- 
thickness, free flow and free- charge pipe used on a concrete 
dom from porous or defective settling tank, 
spots. 


That’s our regular lead pipe. It has become “standard” 
throughout industry. But, maybe you need extra corrosion 
resistance at high temperatures . . . greater tensile strength 
and toughness . . . higher endurance to vibratory stress. 
Our Tellurium Lead Pipe fills the bill there. 


Or, maybe your extra problem is erosion. Then, you 
should consider our Antimonial Lead Pipe, made with a 
base of either Chemical or Tellurium Lead. By adding 6% 
of antimony we almost double the tensile strength and 
greatly increase hardness and stiffness, 


2 Cold Expanded Lead-Lined Pipe? When you need pipe with the 
strength of iron or steel, we give it to you . . . with a lead 
lining. Our “United” Lead-lined Cast Iron 
or Steel Pipe has proved highly serviceable 
under severe conditions. It has the outer 
strength you need to stand pressure or other 
mechanical stress; the inner stamina to 
resist corrosion. 

The lead lining is formed in continuous 
lengths of seamless pipe, then cold ex- 
panded against the inside of the iron or 
steel tube. You get a tight fit and a smooth, 
uniform lining, free of defects. Of course, 
all iron and steel pipe used meets ASTM 
standards. 


The strength of steel plus the endurance of lead. You 
get both with “United” Lead-lined Pipe. 
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3 “United Tubond” Lead-Lined Pipe? For extremes of tempera- 
ture, pressure, vacuum or vibration, investigate our “United 
Tubond” Lead-lined Pipe. This, is steel or wrought iron 
pipe with its lead lining permanently bonded to the ferrous 
metal. No separation or creep is possible. The illustration 
below proves the toughness of this bond. 


All our lead-lined pipe is available in flanged sections 
with the lead lining carried over the face of the recessed 
flange. This insures a_ positive lead-té-lead joint 
at each flange, elim- 
inating any danger of 
leakage. 


Permanently bonded! |-ven 
violent twisting of this sec- 
tion of “Tubond”  lead- 
lined steel pipe couldn't 


break the bond. 





No Matter What Your Acid-Handling Problem... 


y ° ¢ /, f 
National Lead is ready to consult with you aad supply any type 
of lead pipe... valves... sheet . . . lead-lined or lead-covered 
equipment . . . even complete acid recovery plants. And behind 
every National Lead product . . . every National Lead recom- 


mendation . . . are years of experience and many important 
installations in every field handling corrosive liquids and gases. 


NATIONAL LEAD COMPANY 
111 BROADWAY, NEW YORK 6, N. Y. 


Offices and Plants in Principal Cities and Canada 
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"THEY'RE RIGHT ! 


You can read it from 
any angle!” 












This fellow has gone to a lot of trouble to prove 


how easily you can read this new Palmer Thermom- 

eter. The new Palmer Extruded Brass Case plus famous 

“Red-Reading-Mercury” does the trick! You now get a full, 
easy-to-see scale with large, clear numerals. 


Other new features include “snap-on” 


cap; double-strength, 


non-rattling glass; dustproof, rustproof case with durable nickel finish. 
In 4, 6, 7, 9, and 12-inch case sizes, Write for new Bulletins 46-2 and 46-3 


for full data. 


AND REMEMBER—specify this new thermometer on original equip- 
ment purchased from your jobber or equipment manufacturer — there 


should be no extra charge! 


PALMER SUPERIOR RECORDING 


and DIAL THERMOMETERS 


Left: The Palmer Recording Ther- 
mometer. Extremely accurate and 
sensitive, constructed for long serv- 
ice. Mercury actuated. 12-inch die- 
cast aluminum case. Flexible ar- 
moured tubing and bulb of stainless 
steel. All ranges up to 1000 F. or 
550 C. 

Right: The Palmer Dial Thermometer. 
Mercury actuated. 8-inch case. Very 
sensitive. Permanent accuracy. Guar- 
anteed. Built for long life. Flexible 
armoured tubing and bulb of stain- 
less steel. All ranges up to 1000 F. or 
550 C. 





MFRS. INDUSTRIAL, LABORATORY, RE- 
CORDING AND DIAL THERMOMETERS 


PALMER 


TRLRMOMELVESS VAC - 


2513 NORWOOD AVENUE 
CINCINNATI 12, OHIO 
Canadian Plants King & George Sts., Toronto 2 
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free-oxygen-containing gas and added to 
the spent catalyst in the aforesaid 
manner. ° 


ma 4 2,412,879. Chemical Process. 
M. Fischer to Standard Oil De- 

A Company. 

Frangible and easily disintegrating 
coke is continuously produced by coil 
preheating heavy petroleum oil to cok- 
ing temperature without substantial coke 
formation. The preheated oil is mixed 
with a cellulosic material, such as wood 
sawdust, and this mixture is passed into 
a zone wherein the coke is formed from 
the oil in intimate admixture with the 
cellulosic material or its carbonization 
products, such as charcoal. The coke 
formed is continuously disintegrated ad- 
jacent a point of its withdrawal from 
the coking zone. 


U.S.P. 2,412,958. Productian of Solid 
Contact Material. J. R. Bates and 
H. A. Shabaker to Houdry Process 
Corporation. 

A freshly formed inorganic gel is con- 
tinuously supplied in wet condition to an 
ageing zone and moved through this 
zone at a controlled rate to form a moy- 
ing layer of substantial depth sufficient 
to retain imparted temperature. The gel 
is heated from within the layer to rap- 
idly raise the temperature thereof to 
120-200° F. The moving layer is re- 
tained in an atmosphere of steam and air 
at a temperature in this range for a 
period not in excess of 2 hours to effect 
ageing of the gel without substantially 
drying it. The aged gel is useful as a 
contact material. 


U.S.P. 2,413,184. Metal Aluminate Ad- 
sorbents and Method of Making Same. 
W. A. LaLande, Jr., to Porocel Cor- 
poration. 

An alkali metal aluminate and a water- 
soluble salt of a metal capable of form- 
ing a water-insoluble metal aluminate, 
such as MgCl, are reacted in aqueous 
solution in the presence of a compound 
yielding NH.+ ions in this solution, 
such. as ammonium chloride.. The in- 
soluble aluminate formed is separated, 
washed and dried. It is employed as a 
decolorizing adsorbent and as a catalyst. 


U.S.P. 2,413,961. Pelleting of Catalysts. 
W. G. Evans to Universal Oil Prod- 
ucts Company. 

Powdered adsorbent and catalytic ma- 
terials, such as materials comprising 
silica gel, silica and alumina, or kiesel- 
guhr and a reducible nickel compound, 
are pelleted in admixture with a rela- 
tively small amount of a lubricant con- 
sisting essentially of wood rosin. The 
resultant pellets are heated to remove 
the rosin. Wear and breakage of the dies 
and punches of the pelleting machine are 
reduced by the addition of the lubricant, 
and pellets of relatively low desnity and 
high thermal stability are obtained. 


U.S.P. 2,414,002. Regeneration of at 
divided Solid Contact Material. C. 
Thomas and J. T. Pinkston to Uni 
versal Oil Products Company. 
Subdivided solid catalyst particles, 

such as used in hydrocarbon conversion 
rocesses, are regenerated and freed 

rom combustible contaminants by 
maintaining a first and a second rela- 
tively dense fluid-like bed of the solid 
particles at combustion temperature. 

Contaminated catalyst particles are com- 

mingled with a stream of oxidizing gas 

and supplied upwardly into the first bed 
by the gas-lifting action of the oxidizing 
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FINISHED 
WHEEL 
STEPS IN 
oath THE MACHINING 
MILLING CUT OF A TERRY 


TURBINE WHEEL 





MILLING CUT 





SMOOTH 


TURNED Typical Terry Solid Wheel Turbine 73 i ss 

with cover and bearing caps raised. 
Note the ruggedness and the accessi- 
bility of all parts. Units of this type are 
used to drive boiler feed pumps, gen- 
erators, and all types of power plant 
equipment. Built in sizes from 5 H.P. 
to 2000 H.P. 





FOR FULL DETAILS ASK 
FOR BULLETIN S-116 


T-1156 


TERRY SQUARE-HARTFORD, CONN. 
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One-piece, drop- 
forged steel socket 
of streamlined design 


Socket fused to 
KOREX steel 
Bourdon Tube 


KOREX Bourdon 
Tube has smooth 
inner surface devoid 
of microscopic 
cracks 





Forged steel tip 
fused to KOREX 
Bourdon Tube 


pe Connecting link and 
screws of hard 
6 ) Q>:ciriess steel, 
chrome plated and 
polished 


Stainless Helicoid 
movement 






ONLY HELICOID 
PRESSURE GAGES 
HAVE ALL THESE 
IMPROVEMENTS 










These are not all the improved features of Helicoid 
Pressure Gages. They do serve to illustrate the fact that 
Helicoid is a better gage—one that will take the punishment 
of hard use and remain accurate through a longer life. 
Experience proves that a Helicoid Gage with KOREX 
Steel Bourdon Tube will safely withstand pressures of 50% 
in excess of the total dial graduation. 

Many large users of gages have standardized on Helicoid. 
Write for our complete catalog which tells why. 


In the Helicoid movement, 
contact between a polished, 
graphited Bakelite cam and a 
-@ polished helical groove replaces 

the conventional gear and seg- 
ment. Only Helicoid gages have 
this movement. 








HELICOID GAGE DIVISION 


AMERICAN CHAIN & CABLE 
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gas. The gas is passed through this bed 
at a sufficiently low rate that substan- 
tially its entire free oxygen content is 
consumed in burning combustibles with- 
in the bed. Partially regenerated particles 
are removed from the first bed at a 
point below the upper extremity of the 
bed and are supplied by gravity and in 
the form of a relatively dense column 
to the upper. portion of the second bed. 
A second independent stream of oxidiz- 
ing gas is passed upwardly through this 
bed at a sufficiently high rate that only 
a portion of its free oxygen content is 
consumed within the bed. Passage of the 
gaseous products from the second bed 
through the first bed is prevented. A 
stream of regenerated catalyst particles 
from the second bed is removed at a 
relatively low point thereof, so that the 
general direction of flow of the solid 
particles in this second bed is counter- 
current to the oxidizing gas passed 
therethrough. 





CRACKING AND REFORMING 





U.S.P. 2,412,837. Manufacture of Liquid 
Hydrocarbons Suitable for Motor Oil. 
J. R. Rose to Potomac Hydrocarbon 
Process Corporation. 

A hydrocarbon-base fluid is subjected 
to a pressure of 700-1000 psi. The fluid 
is cooled and conducted under this pres- 
sure in an upward direction through a 
vertically arranged series of cracking 
elements and a catalyst container. Both 
the cracking elements and the catalyst 
container are heated by a heating medi- 
um contacting first the lowermost crack- 
ing element and thereafter the higher 
cracking elements and the catalyst con- 
tainer and producing an initial tempera- 
ture of 700-1200° F. in the lowermost of 
the cracking elements. The gaseous 
product from the catalyst container is 
delivered to a second catalyst container 
located above the first one and heated 
by the medium which has first con- 
tacted the cracking elements and the 
first catalyst container. The gaseous 
product is liquefied by sudden reduction 
of pressure and by cooling. The liquid 
obtained is stabilized to evolve hydro- 
carbon gases and heavy liquid hydrocar- 
bon polymers. The product is suitable 
for use as a motor fuel. 


U.S.P. 2,412,868. Catalyst Cracking of 
Hydrocarbon Oils. C. L. Brown to 
Standard Oil Development Company. 
In a process for catalytically cracking 

hydrocarbon oils in the presence of a 
steam-sensitive catalyst, such as a syn- 
thetic silica-alumina vel, wherein the 
catalyst is alternately subjected to crack- 
ing and regeneration conditions and is 
exposed to the action of steam to purge 
volatilizable hydrocarbons prior to the 
regeneration, the activity of the catalyst 
is maintained by introducing ammonia 
into the zone in which the catalyst is ini- 
tially exposed to the steam. An amount 
of ammonia of at least 5 mol-percent of 
the water vapor present is used. 


U.S.P. 2,413,161. Surface Active Agents. 
E. Zerner and W. Kaplan to Sun 
Chemical Corporation. 
Cracked mineral-oil fractions boiling 

between 150-300° C. and containing not 

more than 10-35 percent of unsaturated 
hydrocarbons are condensed with ben- 
zene, toluene, or xylene in the presence 
of AlCl; The condensation product is 
sulfonated. The products obtained are 
useful as surface active agents and deter- 
gents, wetting agents, and the like. It is 
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To assure strength at elevated temperatures, chromium Nickel 
stainless steel, Type 347, is used for expansion joints. 


In the reactors, stainless clad steel, Type 347, combats cor- 
rosion by sulphur at high temperatures. 


In the flare stack where ordinary steel is attacked by hot burn- 
ing gases, stainless, Type 304, provides long life for the parts 
exposed to the corrosive gases. 


Leading steel companies produce austenitic stainless steels 
under various trade names, in tubular, sheet and strip form. 


International Nickel are miners, smelters, and refiners of 
NICKEL, an important ingredient in the chromium-Nickel 
austenitic stainless steels. Although they do not produce these 
stainless steels, a list of the sources of supply will be furnished 


on request. 
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Photo courtesy of Standard Oil Co. (N. J.) 


jichel 


Over the years, International Nickel has accumulated a 
fund of useful information on the selection, fabrication, 
treatment and performance of alloys containing Nickel. 
This information and data is yours for the asking. Write 
for “List A” of available publications. 








TRADE mate 














THE INTERNATIONAL NICKEL COMPANY, INC. wewvone’s: wy. 
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Now-Mzzuwe Dise 


The valve that saves time... 


trouble oad maintenance 


The initials “N. M.D." designate’ LUNKENHEIMER VALVES 
equipped with NON-METALLIC-DISCS. (One long-time user in- 
sists that the abbreviation means NONE MORE DEPENDABLE). 


The N. M.D. Valve’s unique design and construction provides 
for easy replacement of discs and the assurance of maximum 
tightness under all conditions. No regrinding necessary. In 
handling steam, hot or cold water, air, gas, gasoline, oil and 
other fluids, N. M.D. Valves deliver uninterrupted service on a 
“lower cost per year” basis. 

THE LUNKENHEIMER CO., Cincinnati 14, Ohio, U. S. A. 


New York 13, Chicago 6, Boston 10, Philadelphia 7. 
Export Dept.: 318-322 Hudson St., New York 13, N. Y. 





Ask your distributor for a demonstration. 
He will show you how the N. M.D. can be 
renewed P.D.Q. Phone him today. 












Circular 558 available 
from your Lunkenheimer 
Distributor or write for copy. 


LUNKENHEIMER VALVES 


BRONZE, IRON, STEEL, AND CORROSION RESISTANT ALLOY VALVES 
AIR DEVICES, LUBRICATORS, AIRCRAFT FITTINGS 





unnecessary to separate the unsaturated 
components of cracked mineral oil be- 
fore condensation. 


U.S.P. 2,413,407. Method of Cracking 
Hydrocarbons in the Presence of a 
Diluent Gas. H. Dreyfus. 

The cracking of hydrocarbons is ef- 
fected in the presence of a diluent gas 
or vapor while the hydrocarbons are 
passing down a cracking chamber in the 
form of a self-supporting helical stream 
At least part of the diluent is introduced 
at a point below the point of introduc- 
tion of the hydrocarbons and in such a 
manner as to assume the form of a self- 
supporting helical stream merging with 
that of the descending hydrocarbons 
Steam can be used as the diluent. The 
helical stream of hydrocarbons and dilu- 
ent is obtained by spraying the com- 
ponents into the ctacking chamber from 
tangentially arranged nozzles. High 
yields of unsaturated hydrocarbons and 
especially gaseous olefins are obtained 





ISOMERIZATION 





U.S.P. 2,412,675. Isomerization of Satu- 
rated Hydrocarbons. J. D. Danfort! 
to Universal Oil Products Company 
A liquid heated stream comprising a 

portion of isomerizable saturated hydro 
carbon is passed through a bed of 
AICI; to dissolve a portion of the AICI 
The resultant solution is introduced to 
a reaction zone containing a solid pack 
ing material. A second portion of the 
hydrocarbon is separately heated to a 
higher temperature and then directl) 
introduced to the reaction zone. The 
amount and temperature of this second 
portion must be such as to maintain an 
isomerizing temperature in the reaction 
zone. AICI; catalyst from said solution 
is deposited onto the packing material to 
an extent sufficient to maintain in the 
reaction zone an AICI; concentration 
substantially greater than that of the 
solution. Isomerized hydrocarbon is re- 
covered from the reaction products. 


U.S.P. 2,413,691. Process for the Produc- 
tion of Neohexane Involving Catalytic 
Isomerization. C. C. Crawford, W. E 
Ross, and S. H. McAllister to Shell 
Development Company. 

An open-chain hexane devoid of a 
quaternary C atom, such as methyl pen- 
tane or n-hexane, is isomerized in the 
absence of higher paraffin hydrocarbons 
and in the presence of an amount of 3-50 
percent of a cycloparaffin hydrocarbon 
with 5-8 C atoms, such as methyl cyclo- 
pentane. The amount of the cycloparaf- 
fin shall be sufficient to inhibit degrada- 
tion to isobutane. The AlCl, isomeriza- 
tion catalyst constitutes at least 10 per- 
cent by volume of the mixture and con- 
tains free AICl; and 2-10 percent HCl 
An isomerization temperature of 65-120 
C. and a contact time of less than 40 
minutes is used to effect conversion ot 
at least 15 percent of the hexane to 
neohexane, which is separated from the 
reaction product by distillation 





ALKYLATION 





U.S.P. 2,412,595. Process for Reaction of 
Aromatic Hydrocarbons with Nor- 
mally Gaseous Unsaturated Hydrocar- 
bons. W. N. Axe to Phillips Petroleum 
Company. 

Aromatic hydrocarbons and normally 
gaseous unsaturated hydrocarbons are 


> 
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but EFFECTIVE 


National Cooling and Condensing Sections are designed 














not only for simplicity and ease of assembly—but also for 
highly efficient heat transfer performance. These char- 
acteristics—plus long service life—make CAST IRON 
National Sections an ideal choice for your cooling and 
condensing services. 

Here is a partial list of services for which CAST IRON 


National Cooling and Condensing Sections have been 





successfully used: 





CHEMICALS COKE BY-PRODUCTS PETROLEUM 
n- Solvent Coolers Wash Oil Coolers Gasoline Condensers 
~ Solvent Condensers Ammonia Liquor Coolers Crude Still Condensers 
0 Soda Solution Coolers Ammonia Dephlegmators Pressure Distillate 
” Aqua Ammonia Coolers Light Oil Condensers _Condensers 

Mixed Acid Coolers Pyridine Condensers Sidestream Coolers 

Bottoms Coolers 

COz Coolers Tar Vapor Condensers Lube Oil Coolers 

Sulphuric Acid Coolers Gas Coolers Natural Gas Coolers 






Write for descriptive catalog CP-16, and remember that National field 
engineers will consult with you at any time—and without obligation. 





Lhat-mey Colikelalol Mm <olelfoicol am Melaalololaby 


ae CENTRAL AVE ee «le JOHNSTOWN PENNSYLVANIA 
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contacted simultaneously with a catalyst 
comprising the addition compound of 
BF, with H;PO, In addition to alkyla- 
tion products, a gaseous mixture com- 
prising unreacted unsaturated hydrocar- 
bons and minor amounts of BF, is re- 
moved from the reaction zone. This 
‘ gaseous mixture is scrubbed with H;PO, 
to remove the BF, therefrom. BF; js 
added to the thus formed addition com- 
pound up to saturation. The resulting 
material is used as the catalyst in the 
contacting step. Benzene is, for exam- 
ple, alkylated by this process with ethyl- 
ene. The yield of mono-alkylated prod- 
ucts to be obtained by the use of the 
indicated catalyst may closely approach 
theoretical amounts. 


from heat exchangers 
When given Airetool’s 


inside and outside U.S.P. 2,412,645. Treating Hydrocarbon 
cleaning service 


Fluids. J. C. Munday to Standard Oil 

Development Company. 

A catalytically cracked naphtha is 
separated into a light naphtha fraction 
of about 60-165° F. boiling range, an 
intermediate naphtha fraction of about 
170-220° F. boiling range, and a heavy 
naphtha fraction of about 220-410° F. 


Heat Exchanger A boiling range. The light fraction is alky- 


Bundle Lance lated with isobutane and the heavy frac- 


tion is catalytically cracked to higher- 
Airetool’s thin bladed Bundle Cleaning Lance easily re- aviation-quality constituents. The alky- 
moves hard-to-reach deposits on the outside of heat lated products obtained are combined 
exchanger tubes by going through the bundle. Lance is 


with the catalytically cracked heavy frac- 
adaptable for use with either hot water, steam or chemical tion to produce aviation gasoline. The 
solutions under pressure. 


intermediate naphtha fraction is dis- 
carded. 


U.S.P. 2,412,726. Fluorine Removal 
. Process. F. E. Frey to Phillips Petro- 
= . leum Company. 


Small Tube Cleaner In the alkylation of a low-boiling 

paraffin hydrocarbon, such as isobutane, 

Airetool’s powerful geared tube cleaner for : with an alkylating reactant, such as 

small diameter tubes thoroughly cleans the butylene, in the presence of a HF cata- 

inside of heat exchanger and condenser tubes lyst. a liquid-hydrocarbon material com- 

without damage to tube walls. Its muffler prising unreacted paraffin hydrocarbons 
cuts operation noise without power loss. 





and alkylate and dissolved HF together 
with organic fluorine-containing com- 
pounds is separated from the alkylation 
effluent. This material is subjected to 
condition such that substantially all of 
the HF and a substantial portion of the 
unreacted paraffin hydrocarbons are 
vaporized and substantially all _of the 
Expanders ore precision built by Airetool G-700-N, for light ae oy together with ay en mag x 
ganic fluorine compounds remain in the 
trom the finest alley sect. Made in every tube sheets. liquid state. The resulting unvaporized 
fe ter & Ser oe ee sem Ga liquid is subjected to dehydrofluorination 
ematect Seat quchanger fo te largest fwe- conditions to convert the organically 
eee tuhes. bound fluorine to HF. Effluent of the 
dehydrofluorination is fractionally dis- 
tilled. The vapors from the vaporization 
step are condensed and cooled into a 
liquid-hydrocarbon phase and an undis- 
There is an Airetool Cleaner and Expander for every - srr gee Sorell aggemen 4g. gto 
: : + drocarbon phase is passed to the frac- 
type of tubular construction used in modern refining. tional distillation as a reflux stream. A 
low-boiling fraction comprising free HF 
and a high-boiling fraction comprising 
unreacted hydrocarbons and _ alkylate 
free from HF are recovered from the 
fractional distillation. 





















U.S.P. 2,412,863. Circulation and Con- 
tacting of Acid Catalysts. J. C. Bol- 
inger and P. W. Prutzman to Socony- 
Vacuum Oil Company. 
A feed stream of mixed hydrocarbons 
to be subjected to catalysis in the ee 
ence of a liquid acid catalyst, as e.g., 
the alkylation of isobutane with bes 
by means of HF or certain highly acid 
halides, is passed through a succession 
of contact zones containing bodies of 
the catalyst. The hydrocarbon stream 
_ enters the lower portion of each zone at 
velocities sufficient to insure turbulence 


Write for bulletins on tube cleaners 
and expanders. Airetool Manufactur- 
Ing Co., 316 So. Center S$t., Spring- 
field, Ohle. 
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Arrangement of one of four Lummus-designed exhaust-gas 
aftercoolers. Each has a series of three bundles in a single 
rectangular shell, providing a total of 12,300 effective square 
feet of tube surface. Bundles are in vertical position for easy 


removal by overhead crane to facilitate cleaning, inspection, 
and maintenance. Each unit is approximately 20 feet long by 


16 feet high by 11 feet wide. Conical ends are reduced to 
48-inch diameter openings for connection to exhaust piping. - 
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Here's another example / 
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HEAT EXCHANGER REQUIREMENTS 
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The Lummus Company has built and installed four ex- 
haust-gas aftercoolers for the new altitude-exhaust system 
for reciprocating and jet engine research facilities of 
the National Advisory Committee for Aeronautics at the 
Cleveland, Ohio Airport. 

Compressors are used to bring the exhaust gases from 
simulated stratosphere conditions to atmospheric pres- 
sure. The Lummus units cool the exhaust gases to reason- 
able temperatures for the compressor suctions. Each unit 
was designed to cool 30,400 Ibs. per hour of engine exhaust 
gas, combined with 7,900 Ibs. per hour of water vapor,from 
400° to 95°F at 10 inches of mercury absolute pressure. 

The units were specially built to meet the exacting 
conditions of service and to fit the restricted space allot- 
ted. Their design permits easy access for inspection and 
maintenance. 

Lummus designs and builds a complete line of heat 
exchange equipment. For a satisfactory solution to your 
heat exchange problems, get in touch with The Lummus 
Company, 420 Lexington Avenue, New York 17, N. Y. 





HEAT EXCHANGER DIVISION 
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LOOK TO LUMMUS FOR: 


Heat Exchangers 


Process Condensers 
Reboilers 

Steam Generators 

Steam Jet Refrigeration 
Steam Surface Condensers 
Barometric Condensers 
Steam Jet Air Ejectors 
Evaporators 


Boiler Blowdown 
Heat Exchangers 


Fuel Oil Heaters 
Lubricating Oil Coolers 
Pipe Line Coolers — 
Feed Water Heaters 
Jacket Water Coolers 
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Safeguard against 
leaks by using 
Smooth-On No. 3 
lron Cement in making any threaded 
joint. This soft metal cement does not 
blow out, shrink or shrivel under high 
temperatures and pressures. It is im- 
pervious to water, air, steam, gas 
and many chemicals. It lubricates the 
threads in assembling, making a tight 
joint that may be taken apart when 
necessary. Comes in paste form, ready 
to use. Buy Smooth-On No. 3 in 1-, 5- 
or 25-lb. size at your supply house. 
If they haven't it, write us. 


FREE 


Thousands of engineers, mechanics, 
repair and maintenance men have 
already sent for this helpful book, 
which shows many practical, tested, 
short-cut repairs on plant equip- 
ment. 40 pages. 170 diagrams. Send 
for YOUR free copy today. 





Repair 
Handbook 








--PASTE THIS ON A POST CARD AND MAIL-- 


Smooth-On Mfg. Co., Dept. 11C 
570 Communipaw Ave., Jersey City 4, N. J. 
Please send me a Smooth-On Handbook 


NAME 
ADDRESS 


3-47 


Do it with 


SMOOTH-ON 


‘Telelemm &iy-s; 


lron Cement of 
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therein and to carry a portion of the 
catalyst entrained in the hydrocarbons 
from zone to zone and out of the last 
zone. Enough catalyst is thus exchanged 
to permit maintenance of the catalytic 
efficiency of the bodies of catalyst 
through replacement of spent catalyst. 
The entrained catalyst is separated from 
the stream emerging from the last zone 
and is at least partially regenerated. Un- 
reacted hydrocarbons separated from 
the catalyst-free stream are returned 
under high pressure to one of the zones, 
and regenerated catalyst is aspirated into 
this high-pressure stream of hydrocar- 
bons. 


U.S.P. 2,413,105. Alkylation of Hydro- 
carbons. G. B. Hatch, E. F. Pevere, 
L. A. Clarke, and F. H. Bruner to 
The Texas Company. 

An isoparaffin is continuously alky- 
lated with an olefin in the presence of an 
immiscible catalyst of greater density 
than that of the hydrocarbon employed, 
such as H.SO, of 90-100 percent strength, 
by continuously introducing the hydro- 
carbons into a closed system containing 
circulating emulsion of mixed catalyst 
and hydrocarbons. A portion of this 
emulsion is continuously diverted to a 
separating zone where catalyst phase is 
settled from hydrocarbon phase and 
from which both phases are continuously 
discharged. Removal of the catalyst from 
the separating zone in accomplished as 
rapidly and completely as possible in 
order to reduce to a minimum the time 
of contact between catalyst and hydro- 
carbon after separation from the emul- 
sion. At least a portion of the separated 
catalyst phase is recycled to the alkyla- 
tion reaction zone 


U.S.P. 2,413,205. Dehydration of Hydro- 
halogen Acid by Distillation. J. C. 
Word, Jr., and J. J. Sims to Phillips 
Petroleum Company. 

An essentially aqueous solution of hy- 
drogen halide, particularly a HF solution 
as obtained in the alkylation of hydro- 
carbons by means of a HF catalyst, is 
concentrated by first adding ethylene 
glycol which forms a complex with the 
hydrogen halide. The liquid obtained is 
heated to a temperature above the boil- 
ing point of H:O but below the tempera- 
ture at which substantial dissociation of 
the complex ocurs, to drive out water. 
The partially water-freed residue is then 
distilled at a temperature within the dis- 
sociation range of the complex, e.g., at 
325-385° F. Hydrogen halide is obtained 
in a concentrated form as distillate and 
ethylene glycol as residue. HF of about 
60 percent concentration is, e.g., obtained 
and can be further concentrated by dis- 
tillation to at least 90 percent. 


U.S.P. 2,413,384. Production of Branched- 
Chain Paraffinic Hydrocarbons. L. 
Schmerling to Universal Oil Products 
Company. 

Branched paraffinic hydrocarbons 
with at least 6 C atoms are obtained 
by reacting an alkyl halide containing at 
least 6 C atoms with an isoparaffinic 
hydrocarbon of not more than 5C atoms 
in the presence of a metal-halide catalyst 
of the Friedel-Crafts type. The amount 
of this catalyst shall be less than the 
stoichiometric amount required to form 
a double compound with the alkyl halide 
but sufficient to effect replacement of 
the halogen content of the alkyl halide 
with hydrogen. Paraffinic reaction prod- 
ucts comprising said branched-chain 
paraffins are recovered. 


U.S.P. 2,413,759. Alkylation of Paraffins. 
F. E. Frey to Phillips Petroleum Com- 
pany. 

An alkylatable paraffin hydrocarbon, 
such as isobutane, is inter-reacted with 
an alkyl halide, such as isopropyl chlo- 
ride, in the presence of concentrated 
H.SO, containing 0.5-5 percent by weight 
of aluminum sulfate. Paraffin hydrocar- 
bons of higher mol weight, such as iso- 
heptanes, are formed. 


U.S.P. 2,413,777. Hydrocarbon Conver- 
sion. EF. H. Oakley and L. F. Brooke 
to California Research Corporation. 
Isoparaffinic hydrocarbons are alky- 

lated with olefinic hydrocarbons by 
means of a catalyst comprising concen- 
trated H:SO, and an alkyl phosphoric 
acid in an amount sufficient to materially 
alter the catalytic activity of H:SO, in 
the direction of producing alkylate of 
higher octane number. Monobutyl pyro- 
phosphoric acid in an amount of less 
than 25 percent by weight of the catalyst 
is, for example, employed in the produc- 
tion of high anti-knock branched-chain 
paraffinic hydrocarbons boiling within 
the gasoline boiling range front lower- 
boiling hydrocarbons. 





POLYMERIZATION, CONVERSION 





U.S.P. 2,412,762. Manuacture of Buta- 
diene from Propene and Formalde- 
hyde. A. R. Workman to Cities Serv- 
ice Oif Company. 

Butadiene is obtained by reacting pro- 
pene with formaldehyde under anhy- 
drous conditions at a temperature of 75- 
115° F. in contact with a catalyst mix- 
ture including zirconium chloride and 
zirconium dioxide. The zirconium chlo- 
ride effects condensation of the react- 
ants, and the zirconium dioxide con- 
verts the resulting condensation product 
to butadiene by dehydration. 


U.S.P. 2,412,917. Method for Catalytic 
Conversion. T. P. Simpson, J. W 
Payne and J. A. Crowley to Socony- 
Vacuum Oil Company, Inc. 

A hydrocarbon-oil vapor is contacted 
at conversion temperature with a com- 
pact downwardly moving mass of par- 
ticle-form, clay-type, solid catalytic 
material. The vapors are introduced at a 
flow rate not in excess of that sufficient 
to produce about 7-10 inches of water 
pressure drop per foot of vapor path 
through said mass. The conversion 
product is separated from this mass 
The separated catalyst is moved through 
a regeneration zone as a compact mov- 
ing mass while oxygen-containing gas 
is supplied thereto to burn contaminant 
deposits therefrom. Sufficient heat is re- 
moved to prevent the temperature of re- 
generation from rising above the point 
of damage for the contact mass. The hot 
regenerated mass is returned to the con- 
version zone. 


U.S.P. 2,412,983. Process for the Con- 
version of Heavy Hydrocarbon Liq 
uids. E. Hene, London. ; 
A heavy hydrocarbon liquid having 

a boiling point of at least 350° C. and 

containing a substantial proportion 0 

unsaturated compounds is distributed 

over a molten surface at a temperature 

of 430-500° C. at a controlled rate o! 

feed such that each particle of the liquid 

is rapidly raised to a temperature al 
which it is partially vaporized and the 
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YSTERIOUS and costly ailments in pneu- 
matic equipment—valves, tools, instruments, 
piping—can often be traced to a single source: ex- 


cessive water vapor in the compressed air system. 
The cure is obvious once the problem is under- 








stood. 

Thorough desiccation — through adsorptive 
drying — of utility air removes all moisture and 
moisture-borne dirt before they reach your 
equipment so that they (1) cannot emulsify and 
carry away machine oils, (2) clog orifices and cor- 
rode bellows, (3) destroy air-motor diaphragms, or 
(4) choke the air lines themselves. 

But note this. Water traps and after-coolers can 
do only part of the drying job. While they should 
remove water, they cannot remove water vapor. 
They leave the air 100% saturated. 

However, a KEMP adsorptive dryer removes 
both water and water vapor — to dew points of 








PRECISION CARBURETION sf ADAPTED COMBUSTION FOR INDUSTRY'S HEAT USING PROCESSES 
ATMOSPHERE GENERATION @ ADSORPTIVE DRYER SYSTEMS FOR PROCESS CONTROL AND PROTECTION | 
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hM OF BALTIMORE | 


OF AIR-DRIVEN TOOLS 


solve all 3 with | 


| air-line dessicator 


—3o°F or even lower — for as little as a fraction 
of a cent per thousand cubic feet! 

The coupon below will put you on the road to 
a profitable form of process insurance and equip- 
ment protection. 


THIS ONE’S DESIGNED FOR INSTRUMENT AIR 


Most recent addition to 
the large KEMP line of 
dynamic desiccators is 
this compact, radiation- 
cooled, oil refinery instru- 
ment air dryer, especially 
designed to combat the 
ravages of dirt and oil- 
laden moisture on the 
sensitive innards of air in- 
struments. Its twin 16” 
diameter silica-gel towers 
operate alternately on a 
12-hour cycle—one drying 
air while the other is be- 
ing electrically reactivated. 
Desiccates 34 cfm of com- 
pletely saturated air at 150 psi and go°F, then delivers 
it to the instruments dried to a dew point of —10°F. 





The C. M. Kemp Mfg. Co. 
405 E. Oliver Street, Baltimore 2, Md. 


Send me your new 48-page illustrated booklet 
on “Dynamic Dryers” .........---.+++-.!- 
Send your nearest field engineer to see me. . [} 
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back of THERMALLOY 
TUBE SUPPORTS are... 

the most completely equipped experimental foundry and skilled 

technicians for the manufacture of your alloy castings. 


All THERMALLOY castings are made under rigid metallurgical 
laboratory control, assuring correct chemical balance; high creep 
strength and residual ductility. 


THERMALLOY tube supports, beams, channels, 
hangers and tube sheets, are capable of long 
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at elevated temperatures, and give maximum ~ 
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unvaporized portion thereof remains in 
liquid condition. The resultant vaporous 
and liquid conversion products are im- 
mediately removed from the reaction 
zone before any substantial coking of 
the liquid occurs. The heavy hydrocar- 
bon liquid yields a resinous material in 
the liquid conversion products which are 
subjected to. solvent extraction to sepa- 
rate this resinous material. Valuable 
hydrocarbons of high molecular weight 
and mainly of a more saturated nature 
than the starting material are obtained 
by the process. Lead is, for example. 
used for preparing the molten surface. 





U.S.P. 2,413,271. Catalytic Treatment of 
Hydrocarbons. H. R. Warrick to The 


Texas Company. Lif 
Hydrocarbon vapors are continuously ‘ 
charged into the lower portion of one of ar 
a plurality of reactors and passed at con- or 


version temperature upwardly through 


this reactor in contact with comminuted or 
catalyst held in suspension in the vapors. ca 
The catalyst is retained in the reactor in di: 
suspension in the current of upwardly @ 
flowing vapors while the vapors are dis- siv 
charged overhead. Used catalyst is simul- me 
taneously reactivated in a second re- f 
actor by establishing and maintaining a a 
cyclic passage of the used catalyst an 
through this reactor and an associated 60 
chamber which can be used alternatively 

with the plurality of reactors. The used Wi 
catalyst is kept in suspension in a cur- ' 
rent of oxidizing gas. Resultant com- ser 
bustion gases are withdrawn while main- 24 
taining catalyst in cyclic passage. Proc- 

essing in the first reactor and reactiva- bo 
tion in ‘the second reactor and associated bre 
chamber are then discontinued, the cof 


charge of hydrocarbon vapors is diverted 
to the second reactor and processed 
therein in the manner indicated before 
while the used catalyst is reactivated 
in the first reactor and the associated 
chamber. 


U.S.P. 2,413,893. Copolymerization of 
Indenes and Piperylene. F. J. Soday to 
The United Gas Improvement Com- 
pany. 

A mixture containing piperylene and 
indene is contacted with 0.1-10 percent 
by weight of the total reactants of an 
acid-acting metallic halide catalyst at a 
temperature of —60 to 145° C. A ben- 
zene-soluble resinous copolymer of pip- 
erylene and indene is recovered which 
is compatible with drying oil. AlCh- 
diethyl ether can, for example, be used 
as the catalyst. 





HYDROGENATION, 
DEHYDROGENATION, 
AROMATIZATION 








U.S.P. 2,412,600. Catalysis of Hydro- 
carbons by Gel-Type Catalysts. R. E. 
Burk and E. C. Hughes to The Stand- 
ard Oil Company (Ohio). 

A hydrocarbon of at least 6 C atoms 
or a naphtha is contacted at elevated 
temperature with a mass consisting 0 TH 
Al, Cr, and Mo gel type oxides co 
precipitated from metal salts with 4 
hydroxide precipitant. Dehydrogena- 
tion and cyclization of hydrocarbons cat 
be effected by such a catalyst, using @ 
pressure of 50-300 psi and a temperatufe K 





of 850-1200° F. A suitable catalyst % 
e.g., formed by treating an Al salt and 
Cr salt with a hydroxide precipitant ® 
the presence of ammonium para-moly 
date in proportions to provide 10 percent 
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ne of angle or vertical type . . . metal, leather faced is available 
con- or renewable composition disc . . . integral ° 
— or renewable seat ring . . . one-piece or union Tie item ilelibd 
pors cap... regrinding, full-way or spring loaded 
wel disc . . . these are all included in the exten- K ENNEDY 
"™ sive line of Kennedy Bronze Check Valves, 
imul- made in a complete range of standard sizes E % 
a for steam pressures up to 300 Ib. at 550°F., DESIG Ss 
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THE KENNEDY VALVE MFG. CO. 


Elmira, New York 






KV-145 


KENNEDY cakes - Lee pittings - hire hydrants 
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molybdenum * oxide, 20 percent chro- 
mium oxide, and 70 percent aluminum 


oxide 


U.S.P. 2,412,828. Preparation of Aro- 
matic Hydrocarbons from Hydrocar- 
bon Mixtures. E. A. Naragon to The 
Texas Company. 

A naphtha feed hydrocarbon mixture 
boiling above 175° F. and containing 
10-80 percent by volume of aromatics is 
contacted, preferably at a temperature 
of 60-120° F., with an aluminum halide 
hydrocarbon complex: of the Friedél- 
Crafts type having a heat of hydrolysis 
of 290-330 cal. per gram of complex. A 
primary extract phase comprising com- 


plex, aromatic and some non-aromatic 
hydrocarbons, and a primary raffinate 
phase consisting essentially of non- 


aromatic hydrocarbons are formed. The 
raffinate phase is discharged. The ex- 
tract phase is subjected to countercur- 
rent contact with substantially less than 
an equal volume of a wash Solvent con- 
sisting of saturated petroleum hydrocar- 
bons at a temperature in the range of 
60-120° F. so that non-aromatic extract 
hydrocarbons are displaced therefrom 
leaving a secondary extract phase com- 
prising complex, aromatic primary ex- 
tract hydrocarbons, and a small amount 
of wash solvent. The displaced hydro- 
carbons are discharged. The secondary 
extract phase is countercurrently washed 
with a further quantity of the wash sol- 
vent in a proportion of from 1-3 volumes 
of solvent per volume of secondary ex- 
tract under similar conditions so as to 
displace the aromatic extract hydrocar- 
bons from the complex. 
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control SCALE, CORROSION & ALGAE 
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HAERING & CO. 
GENERAL OFFICES 
205 West Wacker Drive, Chicago 6, Illinois 





U.S.P. 2,412,911. Butadiene Manufacture. 
H. W. Scheeline to Standard Oil De. 
velopment Company. 

A petroleum fraction consisting mainly 
of butene-2 is catalytically dehydro- 
genated to form butadiene. Hydrocar- 
bons with 3 or less C atoms and 5 or 
more C atoms are separated from the 
reaction mixture obtained. The residual 
C, hydrocarbons are mixed with a frac. 
tion of hydrocarbons with 4 C atoms ob. 
tained by cracking a petroleum oil. This 
mixture is extractively distilled in the 
presence of a solvent having a prefer- 
ential solvent action for butadiene and 
butene-2 and reducing the volatility of 
these two compounds with respect t 
the other hydrocarbons present. The 
solvent then is separated from the dis- 
solved mixture of butadiene and butene-2 
which are separated by fractionatior 
The butene-2 is recycled to the dehydro- 
genation unit. 


U.S.P. 2,412,936. Production of Cyclo- 
pentene. H. J. Hepp to Phillips Petro- 
leum Company. 

A mixture of cyclopentane and hydro- 
gen containing at least 25 and less than 
about 80 mol percent of cyclopentane is 
contacted with a dehydrogenation cata- 
lyst, such as a chromium oxide-alumina 
catalyst, at a temperature of 1000-1300° 
F. for a sufficient period of time to con- 
vert at least 20 percent of the cyclo- 
pentane to unsaturated cyclic hydrocar- 
bons containing a 5-C-atom ring, the 
major portion of which consists of cycl 
pentene. 





DESULFURIZATION 





U.S.P. 2,413,312. Catalytic Finishing of | 


Gasolines. R. M. Cole to Shell De- 

velopment Company. ‘ 

Sulfur-containing olefinic gasoline is 
treated in the presence of an excess ot 
hydrogen and a sulf-active hydrogena- 
tion catalyst, such as an oxide or sulfide 
of V, Cr, Mn, Fe, Co, Ni, Mo, or W, at 
a temperature of 400-825° F. under con- 
ditions such that only a partial desul- 
furization is effected and only a minor 
part of the olefins is hydrogenated. The 
partially desulfurized material is sepa- 
rated into a lower-boiling and a higher 
boiling olefinic fraction. The higher- 
boiling fraction is then treated in the 
presence of an excess of hydrogen and 
a sulf-active hydrogenation-dehydroger- 
ation catalyst, such as a nickel sulfide- 
tungsten sulfide catalyst, at a tempera 


ture of 850-1000° F. under conditions 
such that further desulfurization an¢ 
substantial saturation of olefins is el 


fected. The product of this second treat- 
ment is blended with the lower-boiling 
fraction from the first treatment. A re- 
fined olefinic gasoline with an _ octant 
number at least as high as that of the 
starting material is obtained. 


—— 


HEAVY OILS AND WAXES 


— 








U.S.P. 2,412,557. Lubricating Oils. C. 
Blair, Jr., to Petrolite Corporation, 
Ltd. ie 
The lubricating composition describec 

in this patent comprises a lubricating 0! 

and 0.25-5 percent of an unsaturated 

amine-alpha-beta unsaturated carboxylit 
acid addition-condensation polymer. The 
amine contains at least one ethylenic ut 
saturation, has at least 4 singly-boun¢ 
C atoms between the ethylenic double 
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Specify 
GLITSCH 
“Truss Type” 
Lightweight 
Stainless Steel 
BUBBLE TRAYS 







This picture shows a 
16’-4" diameter bubble 
tray with circular 
downcomer and also the in- 
dividual cap holddown. The 
tray is made of 12% chrome 
type 410 stainless steel 


Some of the features engineered into GLITSCH Trays: 


|. Fabricated structural major beam for large 4. Individual “snap-in” hold-down frogs for caps 
diameter trays—used with trapezoid minor and risers. Any type of pressed caps and risers 
trusses for maximum rigidity and strength. are adaptable to this light weight tray design. 

2. Thermal expansion joints between deck plates 5. Extruded holes in deck plates for “set-on’’ risers. 
and supporting trusses. No holes to match. (Caps and risers not shown in photograph.) 

3. Peripheral tray clamps. No holes in tower ring 6. Maximum vapor uptake area with extended cap 
necessary. spacing to insure uniform liquid gradient. 


MANUFACTURED UNDER U. S. PATENT NO. 2,210,808; NO. 2,309,309; NO. 2,338.926; 
NO. 2.341.091 AND OTHER PATENTS PENDING. 


Fritz W. Glitsch & Sons, Inc. Dallas 1, Texas 





New YORK OFFICE: SALMON TOWER BLDG., 11 WEST 42ND Sr. 
HOUSTON OFFICE: K. E. LUGER Co., 3618 WASHINGTON AVE. 
TULSA OFFICE: W. C. Mvers & Co., 10 EAST 4TH STREET BLDG. 
CHICAGO OFFICE: W. C. MYverRsS & Co., 134 SOUTH LASALLE Sr. 
PITTSBURGH OFFICE: D. D. FOSTER Co., PEOPLES GAS Co. BLDG. 
Los ANGELES OFFICE: S. G. HIGGINBOTHAM & Co., 1619 Comstock AVE. 


"TRUSS-TYPE” BUBBLE TRAYS @ BUBBLE CAPS @ TOWER INTERNALS 
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ICTURED above is a typical Zallea 24” Stainless steel 

low pressure Expansion joint installed on an exhaust 
gas recovery line of a large mid-western Automobile Plant 
where heavy schedules demand uninterrupted production. 
After a performance test of several makes of expansion 
joints over a number of years, the preference was unani- 
mously Zallea. The reason. . . confidence. 


It’s that confidence in Zallea expansion joints to absorb 
movement due to contraction and expansion of pipe lines 
without failure that has made this Zallea product the number 


one expansion joint today. 


It’s the quality Zallea builds into every expansion joint that 
makes the difference. Remember, there’s no packing to 
deteriorate ...o maintenance required. Specify Zallea 
expansion joints . . . and be sure! 


Zallea Corrugated Expansion Joints are made in non-equalizing, 
self-equalizing and duo-equalizing types, depending upon the 
conditions under which they must operate... of copper, stain- 
less steels and other corrosion-resistant alloys... diameters 
from 3" upward ... traverses up to 7"... for pressures from 
vacuum to 300 psi... for temperatures from sub-zero to 1600°F. 
Let us quote on your requirements. 






Code-Craft”.. 
ZALLEA BROTHERS & JOHNSON 





890 LOCUST ST. » WILMINGTON 99, DEL. 


Specify and Demand ZALLEA Tinie... Connectors 
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bond and the nearest amine nitrogen 
atom, has at least one hydrogen atom di- 
rectly linked to an amino nitrogen atom, 
and contains less than 32 C atoms per 
nitrogen-attached hydrocarbon _ group, 
The acid contains less than 10 C atoms 
and is free from vinyl radicals. The 
additive used can, for example, be 
formed by reacting, maleic anhydride 
with oleyl amine and heating the re. 
action product until a cryoscopic mol 
weight of 2400 is obtained. The viscosity 
index of the lubricant is increased by the 
addition. 


U.S.P. 2,412,633; 2,412,634. Lubricants, 
M. L. Schwartz to Standard Oil Com. 
pany (Indiana). 

The lubricating oil according to US, 
P. 2,412,633 contains 1-10 percent of 
castor oil, castor amide, or glycerol 
monoricinoleate, 0.1-2 percent of sulfur- 
ized terpene, and corrosion inhibiting, 


small amounts of a soap of a preferen- 


tially oil-soluble petroleum sulfonic acid, 

According to U.S.P. 2,412,634, an 
amount of 5.40 percent of said soap and 
0.5-10 percent of one of said castor com- 
pounds is used without the addition of 
sulfurized terpene. 


U.S.P. 2,412,708. Lubricating Oils. C. M. 
Blair, Jr., to Petrolite Corporation, 
Ltd. 
The lubricating oil contains 0.025-5 

percent of an alpha-beta, unsaturated 

carboxylic acid amine mixture addition- 
condensation polymer which is the re- 
action product of (a) an unsaturated 
amine with at least one amino hydrogen 
atom, at least one ethylenic unsaturation, 
and at least 4 singly-bonded C atoms 
between the ethylenic double bond and 
the nearest amino nitrogen atom, and 
contains less than 32 C atoms per nitro- 
gen-attached hydrogen group, in admix- 
ture with a saturated amine containing 
at least 1 amino hydrogen atom, free 
from aryl radicals and also containing 
less than 32 C atoms per nitrogen- 
attached hydrocarbon group; and (b) an 
alpha-beta, unsaturated, carboxylic acid 
containing less than 10 C atoms and free 
from vynil radicals. (See the additive 
used in U.S.P. 2,412,557.) 


U.S.P. 2,412,903. Compounded Lubricat- 
ing Oil. R. J. Miller and J. T. Ruther- 
ford to California Research Corpora- 
tion, 

The lubricant according to this patent 
comprises a major portion of hydrocar- 
bon lubricating oil, 0.1-5 percent bj 


| weight based on the compounded lubri- 





cant of an oil-soluble alkaline earth 
metal phenate, such as a calcium salt o! 
a phenol alkylated with a butene poly- 
mer averaging about 16 C atoms per 
molecule and boiling between 375 and 
500° F., and 0.1-5 percent of an oil- 
soluble zinc thiocarbamate, such as 3 
zinc dibutyl dithiocarbamate. 


U.S.P. 2,412,919. Lubricant. L. G. Vande 
Bogart and R. W. Manuel to Cran 
Company. 

The grease-like lubricant described 
comprises 5-45 percent of castor oil and 
5-45 percent of petroleum oil. The pro 
portions and character of these oils are 
such that they are not mutually soluble 
Bentonite clay and non-aqueous ané 
soap-free liquid stabilizing agent cot 
sisting of the lower alkyl phosphat 
group, such as triethyl and tributy] phos- 
phate, are admixed to the oil mixture 
The amount of the oils present in the 
compound is greater than that repre 
sented by the oil-absorption value of the 
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MOST ECONOMICALLY 


With the FLUOR Glycol-Amine Gas Treat- 
ing Process, a lower circulation rate is 
required in certain treating jobs because 
more complete acid-gas stripping is ob- 
tained when reactivating the Glycol-Amine 
solution. Furthermore, it is not necessary 
to boil the solution as severely as in con- 
ventional methods to generate more strip- 
ping vapor in the regenerating column. 
The overall result is a significant decrease 
in the cooling water, steam and horsepower 
requirements when using the FLUOR 
Glycol-Amine Gas Treating Process ...a 
saving that is reflected in the operator’s 
profit column. 

The FLUOR Glycol-Amine Gas Treating 











Process is particularly valuable in cases 
where a fraction of a grain of H,S per 100 
SCF of gas can mean the difference between 
meeting or not meeting the specified gas 
purity requirement. Gas thus treated is 
guaranteed to meet the most rigid require- 
ments based on the Bureau of Standards 
Lead Acetate Test. 

Owners and operators of gas-producing 
properties will find it to their advantage to 
submit gas-treating problems of all kinds to 
FLUOR, for FLUOR not only provides the 
process but has the organization, the ex- 
perience and the facilities to follow through 
with the design and construction of the 
completed plant. 


FLU OR BLYCOL-AMINE GAS TREATING PROCESS 


PATENTED 





FLUOR PRODUCTS— Cooling Equipment, Mufflers, Gas Cleaners, Pulsation Dampeners 
SERVICES — Designers & Constructors of Refinery, Chemical & Natural Gas Processing Units 
THE FLUOR CORPORATION LTD. 


2500 SOUTH ATLANTIC BOULEVARD, LOS ANGELES 22 
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March, 1947—A Gulf Publishing Company Publication 





~ KANSAS CITY + HOUSTON + BOSTON 


197 








5 


7 


ee IE we a tg I Set 








- oon on 709 STAY! 


AND INSULATES UP TO 1800° F. 





‘IMPLY add water, mix and you're ready to do a fast-covering, 
efficient job with Baldwin Hill No. 1 Insulating Cement. To 
save time for your maintenance men, it sticks instantly—does not 
slide off bottom-surfaces or roll up behind the trowel. To save btu’s 
for you, it’s compounded of finely nodulated black Rockwool—a 
3-inck application, for example, reduces 800° surface temperature 
to 158°F. Important, too, B-H No. | takes expansion and contrac- 
tion of the insulated’ surface in stride—without peeling or cracking. 
And, a special rust inhibitor prevents corrosion, insures a perma- 
nent bond even when applied while the surface is hot. 

It will pay you to put B-H No. 1 Cement to work on valves, 
fittings and other irregular surfaces where heat loss is costing you 
money. Packed in convenient 50-pound multi-wall bags ready for 
instant use. The coupon brings descriptive literature and a work- 


ing sample. 


Baldwin-Hill 


Specialist in Thermal Insulation 
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bentonite clay. The amount of the sta- 
bilizing agent is sufficient to prevent a 
separation of the bentonite clay and the 
oils into two distinct solid and liquid 
phases. For example, 0.5-5 perceat by 
weight of the stabilizing agent is em- 
ployed. The lubricant has high load- 
carrying properties. 


U.S.P. 2,412,956. Lubricant Containing 
Alkyl Piperidine Salts. G. E. Barker 
to Elgin National Watch Company, 
This lubricant consists of an organic 

lubricant liquid, such as a hydrocarbon 

oil, in which 0.05-1.0 percent of an 
alkyl-piperidine salt of a fatty acid js 
dissolved. The alkyl group and the acid 

group of this combination have 5-30 C 

atoms, each. Dodecylpiperidine stearate 

is, for example, used as the additive. 


U.S.P. 2,413,188. Lubricants, etc. J. M. 
Musselman and H. P. Lankelma to 
The Standard Oil Company (Ohio). 
The lubricant consists of a mineral lu- 

bricating oil containing about 0.1-10 per- 
cent of a salt of an alkyl sulfuric acid 
with at least 6 C atoms, such as alumi- 
num octyl sulfate, ammonium hexyl sul- 
fate, or sodium laury] sulfate. The lubri- 
cant is capable of maintaining desirable 
body and of cleaning metal surfaces 
under heat and drastic usage. 


U.S.P. 2,413,311. Lubricant and Process 
for Preparing Same. C. A. Cohen to 
Standard Oil Development Company. 
A finely divided siliceous filter aid, 

such as diatomaceous earth, tripoli, or 
finely ground silica, is contacted with an 
acid-treated oil containing pre-formed 
pepper sludge in dispersion, dissolved 
SO:, and oil-soluble sulfonic acids havy- 
ing a combining weight of at least 400. 
Pepper sludge and filter aid are co- 
precipitated. SOs is removed from the 
oil, and the oil-soluble sulfonic acids 
then are neutralized with a basic com- 
pound of polyvalent metal ‘to form solu- 
ble sulfonates in tlre acid-treated oil 
The removal of the dissolved SO: may 
be carried out by air blowing or under 
reduced pressure. Oxides, hydroxides, of 
carbonates of alkaline earths can be em- 
ployed for neutralizing the sulfonic 
acids. The sulfonic acids present in the 
process are formed by a pre-treatmet 
of the hydrocarbon lubricant oil em- 
ployed with H.aSO, of at least 100 per- 
cent concentration. 


U.S.P. 2,413,332. Composition of Matter 
Suitable for Use as a Lubricant and 
Lubricant Comprising the Same. J. \! 
Musselman to The Standard Oil Com- 
pany (Ohio). 

The reaction product of a phosphorus 
sulfide and an oxygen-containing wax, 
in admixture with a plural metal com 
pound of this reaction product is used as 
a lubricant or as an addition agent in an 
amount sufficient to improve the char- 
acteristics of lubricating oils and greases 
A major portion of the oxygen in the 
wax is replaced by sulfur when the wax 
is treated with phosphorus sulfide. — 
least one of the metals used for forming 
the plural metal compound is preferably 
an alkali or an alkaline earth metal. 
This lubricant is useful for high pres 
sures and high temperatures, e.g., 
internal combustion engines. 


U.S.P. 2,413,353. Cutting-Oil Composi- 
tion. B’ F. Hunter and H. P. Hobart 
to Gulf Oil Corporation. 

This cutting-oil composition com: 
prises at least 50 percent by weight ofa 
light mineral oil boiling above 350° 
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Plants in BIRMINGHAM, CHICAGO and GREENVILLE, PENNSYLVANIA 


: Atlanta 3 2146 Healey Buildin New York 6 3302—165 Broadway Building Philadelphia 3 1608—1700 Walnut St. Building 
1posi- Birmingham 1 1548 North Fiftyeth Street Cleveland 15 2234 Guildhall Building Los Angeles 14 1434 Wm. Fox Building 
obart Houston 1 5626 Clinton Drive Chicago 4 2463 McCormick Building Havana....... 402 Abreu Building 

Tulsa 3 1626 Hunt Building San Francisco 11 1251-22 Battery St. Building Detroit 26 1520 Lafayette Building 
ye REPRESENTATIVES AND LICENSEES 
O° F. In France—Ateliers et Chantiers de la Seine Maritime, Paris In Great Britain—Whessoe, Limited, Darlington, England cas 
In France—Constructions Metalliques de Provence, Arles-sur-Rhone ; In Great Britain—Motherwell Bridge & Engineering Company, Limited, 
In Venezuela—Chicago Bridge &' Iron Company, Limited, Apartado 1348, Caracas Motherwell, Scotland , . 
Vo 3 In Argentina—Leopoldo Sol & Cia., Reconquista 558, Buenos Aires in Canada—Horton Steel Works, Limited, Fort Erie, Ontario 
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“Fire protection here calls for instant 
detection—and prompt extinguishing” 
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Fire in a plant powerhouse cou/d result in a lengthy shutdown 
—and the need of costly power purchases from outside sources. 
Let a Kidde representative show you how this can be avoided! 
When Kidde Systems, Wheeled Units and Portables protect your 
electrical equipment, fires are quickly and safely extinguished. 
Kidde equipment discharges on/y clean, non-conducting carbon 
dioxide—and discharges it entirely by its own stored energy. 
No danger of short circuits or flashovers. No corrosion of 
metal parts... . no risk of damage to insulation. No danger 
of the extinguishing equipment failing because pumps or 
other power sources are shut down! 

There may be other fire hazards in your plant where the advice 
of a Kidde representative would be helpful. He’s always ready 
to discuss your fire protection problems with you. 


Walter Kidde & Company, Inc., 348 Main Street, Belleville 9,N. J. 


The word ‘‘Kidde’’ and the Kidde sea/ are 
trode-marks of Walter Kidde & Company, inc. 
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and having a viscosity not greater than 
40 SUV at 100° F., about 1-20 percent of 
a mineral oil with a viscosity between 
100 and 200 SUV at 210° F., about 0.5. 
15 percent of a fixed fatty oil, about 
0.03-5 percent of a petroleum ail anti- 
oxidant, and up to 10 percent of the 
residue which remains after the removal 
of the solvent from the extract obtained 
by extracting a petroleum distillate with 
a solvent capable of removing polycyclic 
hydrocarbons and sulfur compounds, 
said residue having a viscosity of about 
55-70 SUV at 210° F. The fatty oil can, 
for example, be lard oil and the anti- 
oxidant can be tri-(tertiary-amyl- 
phenyl)-phosphite, A relatively light cut- 
ting oil with improved lubricity and ex- 
treme pressure characteristics is thus 
obtained, 


U.S.P. 2,413,718. Lubricant. B. H. Lin- 
coln and G. D. Byrkit to Continental 
Oil Company. 

The lubricant comprises a major pro- 
portion of a hydrocarbon oil and .001-20 
percent of an oil-soluble halogen-bearing 
ester containing at least 1 carbon-boron 
bond. Chlorophenyl-boric acid dibutyl 
ester is, for example, used for this pur- 
pose. The lubricant has improved film 
strength and extreme pressure char- 
acteristics. 


U.S.P. 2,413,852. Rust-Inhibiting Lubri- 
cant. W. R. Turner to The Atlantic 
Refining Company. 

The lubricant comprises hydrocarbon 
oil and a rust-inhibiting quantity of an 
oil-soluble reaction product of an alkyl 
acid phosphate with 8-16 C atoms in 
the alkyl group and a _ branched-chain 
alkylamine with 4-16 C atoms in the 
alkyl group. Between 0.005 and 1.0 per- 
cent by weight of the reaction product 
of lauryl acid phosphate and di-2-ethy! 
hexylamine, for example, is employed 
An amine antioxidant, such as 0.05-0.5 
percent of phenyl alpha naphthylamine, 
can be added. 


U.S.P. 2,413,972. Lubricant. R. D. Her- 
locker, M. P. Kleinholz, and F. M 
Watkins to. Sinclair Refining Com- 
pany. 

The patent relates to a turbine oil 
which comprises a petroleum lubricating 
oil containing a minor proportion of 
tris-(morpholinomethyl)-phenol or bis- 
(morpholinomethyl)-phenol in sufficient 
amount (0.2-1.0 percent) to retard rust- 
ing of metal parts. 


Celanese Corporation Sets 
Up Fellowship at Michigan 


A Celanese Corporation fellowship in 
chemical engineering at the University 
of Michigan has been announced _by 
Celanese Corporation of America. The 
fellowship is for a term of five years 
from the time of the appointment of the 
first recipient, and the subjects to be in- 
vestigated under the fellowship shall re- 
late to the field of plastics and high 
polymers. ; 

A Celanese Corporation fellowship ™ 
the general field of chemical engineering 
was established at Princeton University 
in June, 1945. ' 


Mason Promoted 


H. A. Mason, until recently superit- 
tendent’ of the laboratories at General 
Petroleum Corporation’s Torrance fe 
finery, has been promoted to the position 
of assistant to the manager of labora 
tories, with headquarters in the home 
office of the company at Los Angeles. 
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NEW EQUIPMENT 





... MANUFACTURERS’ - LITERATURE... 





FOR FREE COPIES OF MANUFACTURERS’ LITERATURE OR MORE INFORMATION ON 
PRODUCTS DESCRIBED ON THESE PAGES, USE THE MAILING CARD INSERTED IN THIS ISSUE 





1—Diaphragm Motor Valve 

Fischer & Porter Company, Hatboro, 
Pennsylvania, has announced a new de- 
sign in diaphragm motor valve construc- 
tion. These valves have been designated 
“The Valvrator Line,” and are an out- 
growth of the _ recording-controlling 
flow-rate meter which heretofore has 
been the principal product of this manu- 
facturer. 

Design features include dished-bonnet 
construction with flush-seated bodies 
and through-bolts. No bonnet flanges are 
included in the body construction, and 
the design results in a compact unit, 
with simplified cleanout characteristics, 
and the possibility for fabrication in 
nearly all corrosion-resisting materials. 
The valve is made in 150-pound con- 
struction in sizes from %- to l-inch 
screwed, and 1- to 3-inch flanged. 

Complete details are available in Cata- 
log Section 70-A, available by writing. 


CHECK THE CARD AT PAGE 220 


2—Right-Angle Drive 

The Airetool Manufacturing Com- 
pany, 300 South Center Street, Spring- 
field, Ohio, announces production has 
begun on a new improved right-angle 
gear drive for tube expanders used 
through small headers and in hard-to- 
get-at places. The gear drive’s one-piece 
housing is machined from solid bar 
steel. It has fewer movable parts than 





Airetool Right-Angle Gear Drive 


are normally found in this type tool. All 
moving parts are completely inclosed 
with one-shot lubrication that will last a 
longer than usual period. The grip is 
knurled for easier handling. The gear 
drive is made in sizes for %4-, %4- and 
l-inch square connections. 


CHECK THE CARD AT PAGE 220 


3—Steam Trap 

\rmstrong Machine Works, 852 «Ma- 
ple Street, Three Rivers, Michigan, has 
announced development of a new small 
all-steel steam trap for service on pres- 
sures up to 250 psi. The trap embodies 
the basic Armstrong inverted-bucket 
and free-floating-valve-lever design. The 
body and cap are steel forgings, capable 
of resisting considerably in excess of 
normal operating pressures. Internal op- 
erating mechanism, including the valve 
seat, is stainless steel. The trap measures 
4% inches in diameter at the cap, with 
an overall height of 7 inches. Capacity 


Fischer & Porter Diaphragm Motor Valve. 


averages 900 pounds of condensate per 
hour, continuous discharge. 

The maker believes this new trap will 
have special appeal in oil refineries, 
chemical plants and other process in- 
dustry plants where the trend is toward 
using all-steel pipe and fittings for pres- 














Armstrong Forged-Steel Steam Trap 


sure service. The forged-steel construc- 
tion makes the trap resistant to impacts, 
and also retains its high strength char- 
acteristics when exposed to high tem- 
peratures, it was pointed out. 

CHECK THE CARD AT PAGE 220 


4—Silicone Catalog 
Dow Corning Corporation, Midland, 
Michigan, recently has issued: the third 
edition of its catalog “Dow Corning 
Silicones, New Engineering Materials.” 
It lists all silicone products now avail- 
able, and contains many charts and 
graphs, descriptive of the unusual prop- 
erties of this rapidly increasing family of 
organo-silicon-oxide polymers. 
CHECK THE CARD AT PAGE 220 
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5——Liquid-Level Indicater 

The Reliance Gauge Column Com- 
pany, Cleveland, announces a newly 
styled, newly engineered model of the 
“Eye-Hye” remote-reading liquid-level 
indicator which it has marketed for 10 
years. Besides giving the device a new, 
modern face plate, the construction has 
been altered to achieve greater com- 
pactness and certain structural advan- 
tages. Use of a plastic diffusing screen 
improves the distribution of the interior 
illumination. The case has been made 
drip-proof and the arrangement of the 
interior more accessible for cleaning and 
renewing of illuminating lamp. The new 
Model E-32 is the first of several which 
will replace the original series. It is de- 
scribed in Bulletin 452. 


CHECK THE CARD AT PAGE 220 


6—Packless Diaphragms 


Control Valve 

Hammel-Dahl Company, 243 Rich- 
mond Street, Providence J; Rhode Is- 
land, has announced elimination of stuff- 
ing boxes in its 3000 B Series of Pack- 
less Diaphragm Control Valves. Use of 
packless bellows sealed consirnction pro- 
vides a leak-proof control valve and 
simplifies control of many difficult proc- 
esses involving toxic fluids or in other 
service where leakage cannot be tol- 
erated, it was said. The packless de- 
sign can be applied to any size or type 
Hammel-Dahl Flo-tested Control Valve 
for a working pressure of 500 psi at any 
temperature between minus 70 to plus 
750 degrees F. 

The bellows is housed in a unit as- 
sembly and replaces the conventional 
valve bonnet. The bellows unit is pi- 
loted into the valve body and retained 
between two stainless-steel gaskets by 
the bonnet assembly. It is protected 
from over-ranging by travel stops. It 
is properly supported internally and ex- 
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Hammel-Dahi Packless Diaphragm 
Control Valve, 
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“  NOOTER ENGINEERED FABRICATION MEANS 
“SAFETY, STRENGTH and CORROSION-RESISTANCE ° 
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° Nooter — fabricated exchanger of Hastelloy © 
throughout including tubes, shell, flanges, etc. 
* ee 
Jacketed stainless steel 
ad stops gear ° 
es 4 7 li . pletely “fabricated by 
pecialists in sams , 
. Making M a 
. Making Metal Behave... : 
- . , , — 
Reading bive prints and following your specifications ' 
° are only a part of Nooter complete fabrication service ° 
e to refiners and producers . . . Technical knowledge of © 
. pure metals and alloys, their properties and behaviors, . 
° —as well as experience in fabrication of petroleum e 
e processing equipment—are available to you at Nooter. e 


° Tanks, vessels, towers and all their integrated parts ~ 
e are constructed to your specifications. A.P.1.—A.S.M.E. e 


@ code welded construction. - 
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o WRITE FOR YOUR COPY OF THE NEW CORROSION — a 
RESISTANT METAL TABLES—COMING OFF THE PRESS, SOON. 
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ternally without any possibility of the 
convolution rubbing any adjacent sur- 
face. A modified packing gland is em- 
ployed as an emergency seal, should the 
bellows fail due to corrosion or as a 
result of mechanical fatigue. A telltale 
gauge can be provided to indicate posi- 
tively a bellows failure. 

The bellows unit can be inspected or 
replaced in the field. Damage to the 
bellows from torsional twisting in as- 
sembly or disassembly of the valve plug 
and stem is prevented by. a hexagonal 
stem passing through the mounting 
ring. 

The bellows unit is available in two- 
ply Type 347 stainless steel as stand- 
ard. It may be mounted on any size 
screw-end valve from %-inch to 1%4- 
inch and flanged-end valve from 1%-inch 
to 12-inch. Whole valve lift is assured 
in all sizes. This design can be pro- 
vided with any type Hammel-Dahl valve 
such as Microflo, Venturiflo. Three-way 
or Internal Pilot Balanced Piston Type, 
as well as all standard constructions. 

CHECK THE CARD AT PAGE 220 


7—Fire Blanket 

A new type fire blanket is being 
manufactured by. United States Rubber 
Company. 

The blanket can be used as an emer- 
gency wrap if a person’s clothing is 
aflame; as an auxiliary fire extinguisher, 
to put out flames from vents, manholes, 


| small containers or tanks; as a fire 
| shield so that fire fighters can approach 


within effective range of liquid fires; as 
a welding screen against welding rays 
and sparks, and as a salvage blanket to 
protect materials from water, chemicals 
and heat. 

It is 60 by 80 inches in size and made 


| of high tensile strength glass cloth, im- 
| pregnated on both sides with synthetic 
| rubber. Hems and seams are vulcanized 
' and folds are heat creased. It is equipped 
| with large brass grommets at the top 


and a weather-resistant bracket so it can 
be hung up outdoors or indoors and 
easily removed or replaced. For quick 
identification, it is red in color and 
marked with the words, fire blanket. 
Qualities claimed for the fire blanket 
are that it is flameproof, heat resistant, 
chemical resistant, water resistant, mil- 


| dew proof, vermin proof, non-shrinkable, 


non-stretchable and unaffected by heat 
or cold. 
CHECK THE CARD AT PAGE 220 


8—Stainless-Steel Laboratory 


Filters 
Micro Metallic Corporation, 193 Brad- 
ford Street, Brooklyn 7, New York, has 
announced production of stainless-steel 
laboratory filters with porous stainless- 
steel filter elements. Included are filter 
crucibles, Buchner funnels, gas-disper- 


| sion tubes and filter tubes. 


These laboratory filters are made up 
by welding the porous stainless-steel 
filter element into carefully designed 
stainless filter bodies. Advantages in- 
clude freedom from breakage by han- 


| dling or thermal changes, and resistance 


to alkali and many acids. 
Filters are available in five porosities 
CHECK THE CARD AT PAGE 220 


9—Tubing-Pipe Adapter 

Electric Steel Foundry, 2141 NW 25th 
Avenue, Portland, Oregon, has an- 
nounced an’adapter which makes possi- 
ble use of thin-walled stainless-steel 
tubing in piping installations. where 
standard stainless pipe also is used. 

This adapter fitting permits incorpora- 
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One of two MURRAY multistage steam turbines, designed to 






deliver 685 horsepower on steam at 110 pounds and exhausting 
Esco P-T Adapter. 


to 262 inches Hg vacuum, furnished to drive high speed 
tion of stainless tubing in lighter take- 























centrifugal com- off systems from an already established 
standard piping layout, and also makes 
pressors for re- practical use of tubing in place of pipe 
: K . in making installations where tubing 
frigeration in one would be equally suitable in other re- 
spects, according to the manufacturer. 

of the most prom- It is called the Esco P-T Adapter. 
The tubing is butt-welded to the 
inent Southern adapter and thus is permanently fitted 
with standard pipe threads and can be 
Hotels. A _ third assembled as any pipe. A system using 
this method is readily dismantled for 

unit has recently cleaning or inspection. 


2 
CHECK THE CARD AT PAGE 220 I | 


STEAM TURBINES a 10——Fast-Acting Thermohm - 



















Equipment in- Leeds & Northrup Company, 4934 tu 
, ageaer ‘ Stenton Avenue, Philadelphia 44, has in- . 
, cludes variable troduced a new type of industrial 
Thermohm (resistance thermometer re 
* * * * speed oil relay bulb) which extends the range of L&N ¥ 
: resistance thermometer recorders and ‘. 
governor, trip and controllers to temperatures as high as oI 
. . 1000° F. 
throttle valve, strainer surrounding the double seated balanced This Thermohm is amply accurate for sp 
; 4 the more exacting industrial require- 
governor valve, and force feed lubrication. ments. Speed of response is much faster TE 
d . y than that of usual heavy-gauge couples 
The complete MURRAY line of steam turbines: includes all and is matched only by anit shed-tyee 
‘ ; : E or fine-wire couples. Rugged, durably 
i variations of’ mechanical drives, and turbine generator sets up constructed, this Thermohm is easy to 
. , : install in ovens, tanks, ducts or pipe 
to and including 3000 KW rating. lines. 
4 . Its own corrosion-resisting stainless 
Sales Representatives for Murray products are located in all tube gives ample protection for normal 
f pressures and non-corrosive fluids. Like Ga 
: principal cities. any thermocouple or thermometer bulb, As 
; the Thermohm can be used with protect- C , 
/ ing wells where required. The tempera- “ 
) ‘ON WORKS COMPANY een Gn 
ue Ga 
wit 






BURLINGTON, IOWA 


Builders of Steam Power Equipment for Three Quarters of a Century 








Bax. Ns dle 


Leeds & Northrup Thermohm 
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From Raw Material 
to Finished Product 


tu GARLOCK packings are quality controlled 
from raw material to the finished product. 
Photo shows the first step in the preparation of 
crushed asbestos fibre for use in the manufac- 
ture of Garlock asbestos packings. One of these 
Garlock products is GARLocK 234 which is 
recommended for rotary or centrifugal pumps 
handling hot water, cold water, caustic solutions 
or weak acids. For long, dependable service 
specify GARLOCK 234, 





THE GARLOCK PACKING COMPANY 
PALMYRA, N., Y. 


Tulsa, Okla. Houston, Texas 
Los Angeles, Calif. 


60th Anniversary 1887 —1947 


















Gar Lock 234 Braided 
Asbestos Packing in 
Coil form. GARLOCK 
244—Coil with wire. 
Garvock 239—Rings. 
GarLock 249—Rings 
with wire, 
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Every year when the warmest weather comes in 
July and August, we have several frantic appeals from 
production men in petroleum and process industries 
for CHILL-VACTOR equipment to maintain proper tem- 
peratures in certain solutions, in chilled water for air 
conditioning, for chilling various reaction vessels, and 
for special cooling requirements. 

The Croll-Reynolds CHILL-VACTOR is one of the 
most dependable and efficient units available for cool- 
ing requirements in the range above 32° F. While there 
are a great many outstanding advantages, there are 
a few limitations. In recent years the most serious one 
seems to be the, fact that these units are not made in 
quantity and available for immediate shipment. While 
they are mostly made from standard parts, each unit 
is custom built to a certain extent in order to provide 
maximum dependability and efficiency under indi- 
vidual operating conditions. 

Under present manufacturing schedules, it requires 
approximately three months to design, build and ship 
a complete CHILL-VACTOR unit. This means that im- 
mediate action is advisable for those who want to be 
ready with new cooling capacity for the next warm 
weather season. 

The Croll-Reynolds CHILL-VACTOR has no moving 
parts other than a standard chilled water circulating 
pump. Water is the only refrigerant. Maintenance and 
repair costs. are therefore practically nil. Operating 
costs are usually less than for other types of refriger- 
ating equipment where ample condenser water is 
available. Inquiries on. this type of equipment will 
receive the careful attention of engineers with many 
years specialized experience in this field. 


CROLL. 
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REYNOLDS 


CROLL-REYNOLDS CO. 


17 JOHN STREET, NEW YORK 7, N. Y. 
CHILL VACTORS STEAM JETEVACTORS CONDENSING EQUIPMENT 
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ary, sub-zero carbon dioxide gas,. 
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_ €-0-Two FIRE EQUIPMENT COMPANY 


NEWARK 1 NEW JERSEY 
Sales and Service in the Princkpal Cities of United States and Canada 
AFFILIATED WITH PYRENE MANUFACTURING COMPANY 





220 
















ture coil is thoroughly protected against 
contamination by moisture or gases. 
Like L&N thermocouples and lower- 
temperature resistance thermometers, 
the new Thermohm is equipped with the 
standard universal head that facilitates 
installation and connection. Standard 
lengths are 6 and 12 inches. 
CHECK THE CARD AT PAGE 220 


11—Rotary Pumps 

Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
introduced a new line of general-service 
rotary pumps, the GA Rotary type. Six 
sizes are available in various mountings 
for capacities up to 51 gallons per min- 
ute and 100 pounds per square inch. 

These small-capacity rotary pumps 
have been designed for durability unde: 
severest service requirements, and adapt- 
ability to variety of such requirements 
offered by industries. Design features in- 
clude four-bearing construction and spe- 
cial herringbone rotors. Built-in pressure 
lubrication eliminates all external lubri- 
cation and the danger of liquid contami- 
nation. A production line item, the GA 
Rotary in its simplicity of design als« 
offers easy maintenance and low first 
cost. 

Models are available footmounted o1 
flange mounted with adjustable stuffing 
box and mechanical seal. They are also 
available with or without oversize un- 
loader type relief valve. All models are 
suitable for direct coupling to electric 
motors of any make. 


CHECK THE CARD AT PAGE 220 


12——Liquid-Level Transmitter 

Taylor Instrument Companies, R: 
chester 1, New York, has announced the 
Taylor 229RF Liquid-Level Transmitter, 
a single compact unit which measures 
the level of the liquid and transmits an 
air pressure proportional to this level t 
the remotely located instrument. 

This transmitter is described as _ par- 
ticularly applicable for measuring the 
level of viscous liquids or liquids with 
solids in suspension; the level measure- 
ment of liquids or solutions which so- 
lidify in the usual pressure or manom- 
eter connections; and relatively low 
pressure measurement (up to 17 psi) of 
corrosive gases or liquids for which the 
diaphragm type element is particularly 
suited 

The single unit consists of a metal 
diaphragm in a 3-inch 150 psi stainless- 
steel flange which can be attached to the 
bottom or the side of an open or vented 
tank. 

This transmitter operates on the force- 
balance principle. Being a 1 to 1 trans- 
mitter, the output air pressure is equal 
to the applied pressure or liquid head 
and has a range of 450 inches of water 
with an accuracy of plus or minus 1 inch 
of water. 

Bulletin 98069 illustrates and gives 
complete and detailed information re- 
garding this new transmitter. 

CHECK THE CARD AT PAGE 220 


13——Pump Stroke Adjustment 
Milton Roy Company, 1383 East Mer- 
maid Avenue, Philadelphia 18, has issued 
a new Catalog No. 146, which describes 
an improved type stroke adjustment for 
regulating, while running, the volume o! 
liquid pumped by standard Milton Roy 
chemical pumps. This micro-indicating 
adjustment, supplied as original equip- 
ment, provides precise control of nee 
ger stroke by means of a hand wheel. 
vernier dial permits quick and pee 
1ent resetting to any pre- -determined 


Petrolenm Refiner—V ol. 26, No. 3 






















ainst 


wer- 


ters, 
1 the 
tates 
dard 


Nery 
has 
VICE 
Six 
ings 
nin- 


mps 
ider 
apt- 
ents 


spe- 
sure 
bri- 
imi- 
GA 
al sc 
first 


fing 
al sc 
un- 
are 


the 
ter, 
ires 
an 
| te 


ar- 
the 
ith 


So- 
ym- 
ow 

o! 
the 
rly 


tal 
the 
ted 
ce- 
ns- 
ual 
ad 


ter 
ich 


yes 


re- 


er- 
ed 
eS 
or 
of 


n- 
ed 








Bigger Filters 


- BIGGER 


M-E-K 
PLANTS 
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* 
* Other General American * 
+ Equipment * 

TANKS... x 
Crude @ Gasoline @ Propane , 
Butane @ Chlorine @ Acid 
Blending @ Mixing Water * 
: TOWERS * 
Absorber ¢ Flash * 
Bubble ¢ Pressure 
Vacuum ¢ Fractionating * 
DEWAXING FILTERS * 
STACKS « BINS 
STEEL PLATE FABRICATION * 
WIGGINS ROOFS * 
* 
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HE advantages of fewer filter units installed in big 
M-E-K Lube Plants are:— 


Lower installed cost 
More time on stream 
Lower operating costs 
Less maintenance 


The newest General American Conkey solvent dewaxing 
filter now being constructed is a BIG filter, General Ameri- 
can’s biggest to date — providing 625 square feet of filter 
surface in rotary drum 10° diameter by 20° long. 


This large size is practicable due to the Conkey structurally 
ribbed rotary drum construction which adds size option to 
the many other advantages of its design. 


Bulletin #104, now in preparation, will outline other advan- 
tages of this largest size filter unit. Write for your copy 
which will be mailed when available. . 


SALES OFFICE: 10 East 49th St, Dept. 900 New York 17, N.Y. 
WORKS: Sharon, Pa. East Chicago, Ind. 

OFFICES: Chicago, Sharon, Louisville, Orlando, Washington, D. C. 

Pittsburgh, St. Louis, Salt Lake City, Cleveland. 
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General American Conkey De- 
waxing filters installed in recently 
completed M.E.K. lube oil plant. 
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PREVENT 


Cust: Scale Cig 


FROM CLOGGING 
STEAM EQUIPMENT 











STRAINERS 


"The Screen’s the. Thing” 


@ A High Grade Monel Woven 
Wire Basket with mesh fine 
enough to catch the dirt— 
yet ample free area for pas- 
sage of clean condensate, oil 
and other fluids. « 


@ Body Cadmium plated for 
protection against corrosion 
and for better appearance. 

@ Readily Removed Steel Blow- 
Off Bushing. 

e@ Bushing Automatically 
Aligns Screen. 

@ Thousands in Use—Sold by 
Over 100 Mill Supply Houses. 



































— ee OC 


sures up to 600 lbs. 


See Your Supply House or write for Bulletin S-201 


YARNALL-WARING COMPANY 


128 MERMAID AVENUE PHILADELPHIA 18, PA. 


WAY STRAINERS 








stroke length, to within 1/750 of the 
length of the stroke without stopping 
the pump. Models also are available with 
automatic motorized stroke adjustment. 
These pumps are recommended by the 
manufacturer especially for controlled- 
volume pumping where it is desired to 
pump one or more liquids in precisely 
metered quantities, and for pumping in 
volumes as small as one pint per hour. 
Valves and parts are supplied in any 
metal or alloy that can be cast and 
machined, and in certain plastic materi- 
als, to meet: practically all corrosion- 
resistance requirements. 
CHECK THE CARD AT PAGE 220 


14——Fuel Improver 

Enjay Company, 26 Broadway, New 
York 4, is distributing ~its Technical 
Bulletin 101, “Paradyne Fuel Improver 
—Its Effect on Gasoline Performance.” 
It describes a new product whose prin- 
cipal purpose is to improve performance 
of motor gasoline, functioning as a gum 
solvent and “upper lubricant.” The mate- 
rial inhibits formation of gummy de- 
posits. aids in removing deposits already 
formed around valves, and helps to im- 
prove lubrication in the upper area of an 
engine, it is set out in the bulletin. The 
product is to be marketed to refiners and 
compounders to be incorporated in gaso- 
line, or to be packaged and sold for 
adding to gasoline at the pump. 

CHECK THE CARD AT PAGE 220 


15—Instruments 
The Foxboro Company, ‘Foxboro, 
Massachusetts, has available Bulletin 
397, which illustrates and describes its 
Dynalog Electronic Instruments, includ- 
ing important features recently added 
CHECK THE CARD AT PAGE 220 


16——Flowrator Dimensions 
Fischer & Porter Company,- Hatboro, 
Pennsylvania, has issued a bulletin con- 
taining complete dimensions covering 
every available combination of its Series 
700 Flowrator (rotameter) instrument. 
Available for limited distribution to en- 
gineers and piping-layout draftsmen, it 
is presented as an effort to reduce to the 
handiest possible form the necessary 
dimensional information. 
CHECK THE CARD AT PAGE 220 


17——Agriculture 

Shell Oil Company has presented the 
information concerning its new, agricul- 
tural laboratory and experimental farm 
at Modesto, California, in a book, “Bet- 
ter Farming Through Research.” An 
outline of the activities of the venture 
as well as a presentation of the staff is 
given along with illustrations to reveal 
applications of chemicals in the several 
contributions to agriculture. 

CHECK THE CARD AT PAGE 220 


18—Turbine Maintenance 
Westinghouse Electric Corporation, 
Box 868, Pittsburgh 30, has issued a new 
booklet (B-3747) containing practical in- 
formation necessary for proper mainte- 
nance of general-purpose turbines. The 
booklet first describes the steam turbine, 
explains how it operates, and tells how tt 
should be installed. Directions for piping, 
joint sealing and lubricating are given. 
Dismantling of the turbine for complete 
inspectiom once’a year is recommended, 
and points to be checked and recorded 
are listed. Necessary repairs and adjust- 
ments are discussed under the heading 
of the various narts—rotor, bearings, 
glands, governors, nozzles, overspee 
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Which tubing 
will last the 


Longetl? 


Photo: Courtesy 
Henry Vogt Machine Ca, 
Loutsville, Ky. 








The corrosive liquids and vapors passing through 
heat exchangers, condensers and evaporators in pe- 
troleum refineries and chemical plants are a constant 
threat to continuous operation because of the poassi- 
bility of premature tube failure. Aside from interrup- 
tion in service, leaky tubing may involve product con- 
tamination, injury to personnel and equipment, and, 


of course, the expense of replacement. 


Bridgeport considers the question of service life so 
important that a consistent program of corrosion re- 
search is mairtitained, involving extensive laboratory 
work as well as actual field and service tests to help 


customers obtain longer tubing life. 


Although Bridgeport’s tubing is used in thousands 
of plants — i.e., Duplex Tubing for ammonia refrig- 


eration; Arsenical Admiralty in oil refineries; Ar- 





March, 1947—A Gulf Publishing Company Publication 


BRIDGEPORT BRASS 


senical Muntz* for severe sulfur corrosion; Cuzinal 
(aluminum brass ) for resisting air impingement cor- 
rosion; Duronze IV** (aluminum bronze) for hot 
brine and seaboard power plants; Cupro Nickel for 
high water velocities, etc. — each corrosion problem is 
considered individually. Bridgeport’s Technical Serv- 
ice Department works closely with customers in solv- 
ing corrosion problems and trying out test lots of 
tubing and corrosion test specifications under actual 
operating conditions. 


Contact the nearest Bridgeport office for this 
service, and write for free copies of Duplex Tubing 
Bulletin No. 746 and the 112-page Condenser Tube 


Manual. * Reg. U.S. Pat. No. 2118688 ** Reg. U.S, Pat. No. 2098380 


“Bed » BRIDGEPORT BRASS COMPANY 
ve BRIDGEPORT 2, CONN. . Established 1865 
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To Improve Cast... 


Fluorescent Green H.W. 185% produces a 
“Pennsylvania Cast” in lube oils. It is an additive 
which definitely will improve the salability of your 


lubricants. 





Fluorescent Green: H.W. 185% 


TET Ae readily and complete 
ati sleccececadenal unchanged by transmitted light 





I stash ives estas shcalepatinenkiisatson te ininciannds fast 
EEE ee es See stable 
a: TNT Sele ee ae stable 


| - TESTS: 


carbon residue____________- __unchanged 
I tiated aid diel nlettia ieee unchanged 
8 Ea rane unchanged 


a ie ne ee ee ee 


Leading lube refiners in the United States and 
abroad have used Wilmot & Cassidy products for 












fifteen years. For samples, prices, and information 





please write to: 


EP STN = gee ee Ber 


Wilmot & Cassidy, Inc. 


| 108 Provost St. Brooklyn 22, New York 




















trip, speed changer, reduction gears, and” 
oil parts. The final chapter gives emerg. 
ency hints for quick reference if the” 
turbine is not operating properly. 
CHECK THE CARD AT PAGE 220 







19——Instruments 

Wheelco Instruments Company, 847 
West Harrison Street, Chicago 7, has 
available a 20-page educational bulletin, 
No. 5, on automatic temperature-contro] 
systems. Charts, tables and diagrams 
explain measurement and automatic 
control, and selection of control sys- 
tems for process applications. Thermo- 
couples and tubes are discussed sepa- 
rately. 

























CHECK THE CARD AT PAGE 220 


20—Water Temperature Control 

The Powers Regulator Company, 2720 
Greenview Avenue, Chicago 14, has is- 
sued a new 16-page catalog, No. 3035, 
on regulators and thermostatic water- 
mixing valves for water-temperature 
control. 

CHECK THE CARD AT PAGE 220 


21——Eye Protection 
Mine Safety Appliances Company, 
Pittsburgh 8, has issued a new catalog 
illustrating and describing its line of 
eye-protective devices. 
CHECK THE CARD AT PAGE 220 


22——Hose Couplings 
Hose Accessories Company, Lehigh at 
17th, Philadelphia 32, has available a 
20-page booklet on use of hose couplings 
and fittings. It presents hints and in- 
formation on care of hose. 
CHECK THE CARD AT PAGE 220 


23—Organic Nitrogen 
Compounds 

Carbide and Carbon Chemicals Cor- 
poration, 30 East 42nd Street, New York 
17, has issued a new 3l-page booklet, 
Form 4770, “Organic Nitrogen Com- 
pounds,” which presents in detail the 
properties, specifications, and uses of the 
alkyl amines, alkylene amines, alkanol- 
amines, and acetoacetarylamides. In 
chart form it gives their physical con- 
stants, comparative hygroscopicities, and 
neutralization curves. These compounds ; 
are used by various industries for many 
purposes such as emulsifying, neutraliz- 
ing, synthesizing, dissolving, and saponi- 
fying. 

The organic nitrogen compounds are 
extremely reactive; with acids they form 
salts or soaps; with esters, anhydrides, 
and acyl halides they form substituted 
amides; and with ketones, aldehydes, 
and alkyl halides they form other im- 
portant derivatives. Many of the present 
applications of amines arise from thei 
ability to neutralize acidic materials, 
such as in aqueous systems as corrosion 
inhibitors; in purification of gases by 
the removal or concentration of hydro- 
gen sulfide or carbon dioxide; and im 
the formation of emulsifiers for polishes, 
cosmetics, insecticides, water paints, and 
cutting oils. They are widely used as 
intermediates in the production of dye 
stuffs, detergents, textile softeners, ce 
ment setting compounds, photographic 
and rubber processing compounds, ant 
malarials, local anesthetics, and pharma- 
ceuticals. Newer uses for amines include 
ion-exchahge and water-softening resins, 
germicides, flotation agents, petroleum 
emulsion breakers, gasoline additives, 
and catalysts. 

CHECK THE CARD AT PAGE 220 
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COLUMBIA GAS TREATING PLANT OF 
ARKANSAS FUEL OIL CO. USES ALL 
YARWAY IMPULSE STEAM TRAPS 


Again and again you hear it—Yarway Impulse Steam 


ae | Traps used throughout the plant! 
»klet, 

‘om- a $ Here at this large southwestern plant nearly 100 Yarways 

tl = . . : 
€ the . are on the job on re-boilers, separators, steam turbine- 
a ie, ‘ driven pumps, reciprocating steam pumps and elsewhere. 
n : , 

con 
, and 
unds 
nan} Co _ First—they’re good for all pressures within a wide range 


raliz- e 
poni without change of valve or seat. 


Yarways are popular for these reasons: 


Ss are rE s : : 
Ben : Second—Yarways speed up heating and keep equipment 
ides, hotter because they discharge continuously on heavy con- 


ted “ —_ . . ° 
ak + ce densate loads, at short intervals in lighter loads... 


im le keeping lines free of condensate. 
esenl a i 
their 


rials, Third—simple design, only one moving part, makes 


ysion “| maintenance easy. 


dro- rae 
id. in i Fourth—it is frequently cheaper to install a new Yarway 
= Pe : than to repair an old type trap. 

das —_ 

dye- = _ See your Supply House, or write for Yarway Bulletin T-1739. 
’ ce os 

aphic 


anti | YARNALL-WARING COMPANY 
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clude 128 Mermaid Avenve, Philadelphia 18, Pa. 
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“S|cer 500,000 Already Purchased 
# YARWAY IMPULSE STEAM TRAP | 
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ESPECIALLY RECOMMENDED FOR USE THE A bout 


EQUIPMENT — SERVICE 





SUMP EATS 


is preferred by leading re- 
fineries because of its high 
copper content, dependable 
uniformity and exceptional pu- 
rity and freedom from foreign 
and inert matter. 


99% + PURE 


Quotations on request, on any 
quantity required. Shipments 
can be made from our nearest 


. REFINING cone. 


york 
a Ono 





For more than 34 years Multi-Metal 
has designed and fabricated an in- 
finite variety of filter units which 
involve the use of wire cloth. Multi- 
Metal stresses its technical facility. 
In addition to our fabrication plant, 
we carry a wide variety of wire cloth 
which is available by the roll and cut 
piece. Write for our new catalog and 
free wire cloth samples. 


Multi-Metal 


WIRE CLOTH COMPANY, INC. 


1350 Garrison Ave., New York 59, N. Y 














L. M. Morley Elected 
Vice President of Honeywell 


L. M. Morley, vice president in charge 
of sales for The Brown Instrument 
Company, Phila- 
delphia, has been 
elected a vice 
president of Min- 
neapolis - Honey- 
well Regulator 
Company. The 
Brown company 
is a wholly-owned 
subsidiary of the 
latter company, 
and Morley will 
continue his posi- 
tion and activities 
at Philadelphia. 

A graduate of 
the University of 
Pennsylvania, Morley joined The Brown 
Instrument Company in 1919 as a sales- 
man. He was made sales manager in 
1934, and became a vice president in 
1935 when the two mentioned companies 
were merged. 





L. M. Morley 


Rockwell Manufacturing Company 
Announces Two Appointments 

C. A. Wiken, for the past eight years 
chief engineer of Delta Manufacturing 
Division of Rockwell Manufacturing 
Company in Milwaukee, has been pro- 
moted to vice president in charge of 
engineering for Rockwell Manufactur- 
ing Company. 

A. E. McIntyre, who for the past sev- 
eral years has been manager of the 
Nordstrom Valve Division plant, Oak- 
land, California, has been transferred to 
Pittsburgh as general manager of the 
Pittsburgh Equitable Meter Division. 
McIntyre came to the Nordstrom Valve 
Division after 17 years with Caterpillar 
Tractor Company, where he was factory 
manager. He will continue to serve as 
manager of the Nordstrom Valve Divi- 
sion. 


American Meter Company 
Announces Two Promotions 


Appointment of William G. Hamilton, 
Jr., as sales manager, and of Arthur F. 
Benson as production manager, has been 
announced by American Meter Com- 
pany. 

Hamilton’s connection with the com- 
pany dates from 1927. He becamie as- 
sistant manager of the Philadelphia fac- 
tory in 1941, and since September, 1945, 





W. G. Hamilton, Jr. 


A. F. Benson 


Suppliers 





has. been manager of Philadelphia opera. 
tions. 

Benson has been with American Meter 
Company since 1930, and under his new 
assignment will continue as chief engi- 
neer, a position he has filled since 1943, 


Ethyl Corporation Makes 
Two Sales Appointments 

Appointment of Oscar B. Lewis as 
assistant sales manager, and E. Oliver 
Jones as manager of customer services 
has been announced by Ethyl Corpora- 
tion. 

Lewis, who has been manager of 
safety for the past 12 years, joined Ethy! 
Corporation 20 years ago. After special 
assignments in England and service as 
manager of the Baltimore sales division 





E. O. Jones O. B. Lewis 








WELD PIPE 


Faster... Easier... Truer 


JEWEL PIPE 
CLAMPS 


They align pipe perfectly and hold it secure 
for tacking. On in a minute—off in ten 
seconds, Two sizes, 44 to 8 in. — 8 to 16 in. 
Rigid construction resists strain, heat, and 
abuse. 

Other Jewel Clamps for Ells, long and short 
turn — for Flanges — for Headers. Also Pipe 
Marker, eliminates patterns for holes and 
saddles, 

So. simple— so easy to use — Jewel Tools 
are peovne big time-savers in refinery pip- 
ing rication and erection. 


Write Today for Details and Prices 


JEWEL Manufacturing Company 


1841 University Ave. 
ST. PAUL 4, MINNESOTA 
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Meter 
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engi- 
1943 
This concentration of Everdur Electrical Conduit 
ae and Everdur fittings at left is located in a moist 
| y be alcove between cooling towers, yet shows no evi- 
ae dence of corrosive attack. 
>rvices 
‘pora- Everdur Electrical Conduit installation at the 
: Torrance Refinery of General Petroleum Cor- 
er of poration after 8 years service in corrosive at- 
Ethyl mosphere 
pecial 2 
ice as lg SS rea 
visios A GOOD EXAMPLE of the ability of 
Everdur* Copper-Silicon Alloy to with- 
. stand severe corrosion is this conduit 
installation of the Torrance Refinery of 
r¢ General Petroleum Corporation. 
y Because corrosion-resistant materials 
were not available, several installations 
of ordinary conduit were made during 
the past five years. In the vicinity of the 
: cooling towers, the action of spray from 
chemically treated water is so severely 
corrosive that one such installation was 
replaced twice in two years. 
How does Everdur Electrical Conduit 
stand up under such conditions? This 
durable material installed eight years 
7 ago shows no effects other than discolor- 
ation. Accordingly, General Petroleum 
4 i now has definite plans for replacing cor- 


roded conduit with Everdur. 46194 


; *Reg. U.S. Pat. Off 

















ure 

ten 

nd 

n 

\N pA 

ort 

ipe > 4, , y l 

ind 

ols 

ip- COPPER & COPPER ALLOYS 
THE AMERICAN BRASS COMPANY 

any General offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 

In Canada: ANACONDA AMERICAN BRASS LTD., 
New Toronto, Ont. 
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for 5 years, he transferred to New York 
in 1935 to organize the company’s safety 
program with customer companies. 
Jones, whose new duties will include 
direction of safety programs, joined the 
company in 1932, and served as a safety 
engineer until he became a member of 
the staff of PAW at Washington. Since 
that war service he has been a special 
assistant to Julian J. Frey, general sales 
manager. 


Marshall Sales Manager 
Asbestos Products Division 

George W. Marshall, Jr., has been 
named general sales manager of the As- 
bestos Products Division of Raybestos- 
Manhattan, Inc. He will continue as gen- 
eral manager of the asbestos textile and 
packing division, and -will direct sales 
activities of the equipment sales divi- 
sion. He will be located at 445 Lake 
Shore Drive, Chicago. 


Earl H. Bodinson Joins 
Hammond Iron Works 


Earl H. Bodinson has joined the sales 
staff of Hammond Iron Works of War- 
ren, Pennsylvania, 
and Port Neches, 
Texas. He will make 
his headquarters in 
the company’s New 
York offices, 630 
Fifth Avenue, where 
he will assist R. E. 
Kramer, vice presi- 
dent in charge of 
sales. 

Bodinson, a gradu- 
ate of University of 
Illinois, has been 
identified with the 
metallurgical and 
sales side of the steel 
industry since 1928, with Illinois Steel 


E. H. Bodinson 





Cat Cracker Republic 
Refining Co., Texas City. 


QUALIFIED 


TO SERVE THE 
REFINING 

AND TERMINALING 
INDUSTRY 





We are qualified by experience and equip- 
ment to efficiently handle the structural 
painting requirements of the oil refining and 
terminaling industry. If your 1947 mainte- 


nance program calls for the protective serv- 


ices we are competent to give, you are invited 
to call on us for estimates. No obligation. 


R. A. STOKES « 


635 NIXON BLDG. 


CORPUS CHRISTI, TEXAS 


Phones 2-2101 and 5316 








Company, Jos. T. Ryerson Sons, and 
lately with Pittsburgh Steel Company. 


Roensch Joins Ethyl! 
Detroit Engineering Staff 


Max M. Roensch has joined Ethyl 
Corporation as a member of the engi- 
neering department 
of the research lab- 
oratories in Detroit. 
As one of the three 
coordinators on the 
staff of J. B. Macau- 
Jey, director of engi- 
neering research, 
Roensch will be re- 
sponsible for re- 
search and develop- 
ment pertaining to 
the power, economy 
and durability of en- 
gines. In the field of 
internal - combustion- 
engine research for 
many years, he is widely known in both 
the automotive and petroleum industries 
through his former association with 
Chrysler Corporation Engineering Lab- 
oratories and his more recent position 
as chief engineer of Cleveland Graphite 
Bronze Company. He is a member of 
the Engineering Society of Detroit and 
the Society of Automotive Engineers in 
which he has served on many technical 
committees. After graduating from The 
Rice Institute he received his M.S. de- 
gree from the University of Michigan 


in 1926. 





M. M. Roensch 


Royse Representing Fluor 
Corporation at Houston 


C. F. Royse has been appointed dis- 
trict engineer for The Fluor Corpora- 
tion, in charge of the 
Houston office. 

Royse for the past 
five years was with 
Griscom - Russell 
Company in the 
Houston area, and 
before that for five 
years was with Hum- 4% 
ble Oil & Refining © 
Company. He previ- 
ously had graduated 
from The Rice In- 
stitute with a degree 
in chemical engineer- 
ing. C. F. Royse 






California Company 
Makes Finned Tubing 

Cal-Fin Company, 1128 Mission Street, 
South Pasadena, California, is manutfac- 
turing a finned tubing under license 
from the extended surface division 0! 
David E. Kennedy, Inc. Applications in 
the refining industry are for furnace 
tubes in convection banks and for fan- 
cooled units for removing heat trom 
jacket water, hot gases and in condens- 
ing steam. 


Alloy Steel Products Company 
Adds Two to Sales Force 


Herbert V. Evans and H. C. Grieme 
recently joined the sales department 0! 
Alloy Steel Products Company, Linden, 
New Jersey. F 

Evans was with Lebanon Steel Foun 
dry prior to service in the Army Air 
Forces. Recently he represented Antr 
corrosive Metal Products Company 
New England. 

Grieme, recently with the Bureau 0 
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HUBE ALIGNING-ANCHOR CLAMP MAKES 
| UeeolASTREAMLINEL RETURN ARENDS 
eo 











[1] 

















UPSET TUBE END 
~ 


UPSET TUBE END 


The Tube Aligning-Anchor Clamp fits 
around the upset tube ends to provide a 
rigid support for the tubes and serves as 
an anchor ring for the return bend hold- 
ing member. The return bend body may 
be easily removed and just as easily 
re-installed because the tubes are thus 
held in a fixed position. 





NO SPLIT  - 
ANCHOR RINGS. 
SINGLE BOLT 
HOLDS CLAMP 
AROUND 
TUBE 

ENDS 







The Tube Aligning-Anchor Clamp 
is held in position around the upset 
tube erids by a single bolt. The re- 
turn bend body may be removed 
without disturbing the clamp... it 
remains in position until the tubes 
require replacement. Note that the 
clamp fits snugly around the tube 
ends to prevent their moving out of 
position when the bend is removed. 








J 


It is unnecessary to remove the return 
bend holding members when the bend 
body is removed although it can ‘be 
easily accomplished at will since the 
holding member is made to slip on and 
off the anchor clamp. This photograph 
shows one of the holding members being 
stripped off 



















CLAMP IS NEVER REMOVED 
UNTIL TUBES ARE 
REPLACED 














HOLDING MEMBER 
SLIPS OVER 
CLAMP 

















The UNIBOLT Streamlined Return Bend 
is easy to remove and install by tighten- 
ing or loosening one bolt on each holding 
member. Its advanced engineering de- 
sign, employing a loose metal seal ring 
and the principle of leverage to apply 
tr ling compression on the 
ring, assures a tight seal of even the 
lightest gases under extreme tempera- 
tures and pressures. 











HORNHILL-CRAVER CO. HOUSTON, TEXAS 
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REFINERY FITTINGS 















Ships, United States Navy, betore that 
was engaged in purchasing work with 
Chemical Construction Corporation, 
H. K. Ferguson Company, and Camp- 
bell Soup Company. 


Paxson Representing Taylor 
Instrument at St. Louis 


Robert E. Paxson recently has been 
assigned to represent Taylor Instrument 
Companies in the Midwest, with head- 
quarters at St. Louis. 

Paxson graduated with a degree in 
chemical engineering from University of 
Colorado, and was chief chemist for a 
sugar company in Wyoming before serv- 
ing in the war as a Navy ordnance offi- 
cer. Since discharge he completed an 
l1l-month industrial training course at 
Taylor Instrument Companies’ home of- 
fice in Rochester, New York. 


Republic Supply Company 
Opens Denver Sales Office 


Republic Supply Company, Houston, 
announces extension of its supply serv- 
ice to the upper’ 
Mountain States area 
with the opening of 
a sales office at Den- 
ver. The new office 
is located at 639 Con- 
tinental Building and 
Denver H. Hyler is 
in charge. 

Hyler has been 
transferred from the 
company’s district 
office in Wichita 
Falls where he han- 
died refinery and in- 
dustrial sales. Prior 
to joining Republic 
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WEDGEPLUG offers the only real “All-Purpose” Valves 
on the market today—through the development of a 
simple, patented Dry Plug Valve that combines the best 
features of a Plug Valve with those of a Gate Valve: 


NEGLIGIBLE 
PRESSURE 
DROP 


Large port openings are pro- 
vided, assuring little 
pressure loss through oa 
WEDGEPLUG Valve. Openings 
in percent of pipe area are: 
Series 15—56% to 96 
Series 30—81% to 96 
Series 60 and up—100 
WEDGEPLUG Valves are so 
designed that pressure-drop is 
reduced to a minimum, and is 
definitely not a limitation. 


Large port openings; wedging action; raised seats; and, 
an easy-to-operate mechanism that /ifts, turns, and re- 
seats the Plug in one operation, A Plug-type Valve that 
can take the place of a Gate Valve. Tried and proved 
under widely-varying service conditions. Write for Bulle- 
tin No. 545. 


WEDGEPLUG VALVE CO., Inc. 


Factory and General Sales Offices 
1302 South Broad Avenue 


NEW ORLEANS 15, LA. 


Sales Offices 
NEW YORK—CHICAGO—LOS ANGELES—PITTSBURGH—KANSAS CITY—HOUSTON 
OKLAHOMA CITY—WICHITA—TULSA—ODESSA—AMARILLO—CHARLOTTE 
Other Good Territories Now Open for Sales Representation 
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Supply Company in 1945, Hyler spent 3 
years in active refinery operations and 
was connected with Continental Qj 
Company for 21 years, and for 19 years 
he was in charge of that company’s 
Wichita Falls refinery. ; 

With the opening of the new Colorado 
sales office, Republic Supply Company 
now serves the oil industry with more 
than 50 sales and service points in ten 
states including: Arkansas, Colorado, 
Illinois, Indiana, Kansas, Louisiang, 
Mississippi, New Mexico, Oklahoma and 
Texas. General offices are maintained at 
Houston. 


Schneider Joins Pennsylvania 
Salt Chemical Sales Force 

John H. Schneider has joined the 
sales service staff of the special chem. 


icals division of Pennsylvania Salt Mam. 


facturing Company. 

Schneider, a graduate of University of 
Minnesota, in aeronautical engineering, 
served as a maintenance and repair offi- 
cer with the air forces in the European 
theater, and later was assigned to an 
American Army team to investigate air- 
craft developments in Germany. Before 
his release from service, as major, he 
spent a year working on development of 
jet aircraft at Wright Field, Dayton, 
Ohio. 


Crouse-Hinds Company 
In Business 50 Years 

In recognition of its half century as 
a business institution, Crouse-Hinds 
Company, Syracuse, New York, made 
distribution of a book “Fifty Years,” in 
January, 1947. The company is the re- 
sult of a partnership between Hunting. 
ton B. Crouse and Jesse L. Hinds, 
whose venture was housed in space that 
involved a rent of $33.33 per month, in- 
cluding heat and power. The history of 
growth of this partnership into a corpo- 
ration includes many brief autegraphical 
references and ends with a listing of the 
full roll of employes as of December 14 


1946. 


Jones & Laughlin Opens 
New Oklahoma Store 

Jones & Laughlin Supply Company 
has opened a new store at Pauls Valley, 
Oklahoma. William D. Breedlove, for- 
merly with the company’s Seminole, 
Oklahoma, store, is manager of the new 
store, operating as part of the Central 
and Southern Oklahoma district, under 
supervision of L. R. Roberts, district 
manager at Wewoka. "a 

R. A. Weber recently has been name 
field salesman for the company in the 
Hutchinson, Kansas, area. 


Allen Appointed General 

Sales Manager for Kerotest . 
George R. Allen has been appointed 

general sales manager for Kerotes! 

Manufacturing Com- 

pany, Pittsburgh. He 


has been with the 
company several 
years; recently as 


manager of the brass 
valve division. He is 
a graduate of Uni- 
versity of Michigan. 

The appointment, 
it was announced, 
was made in a move 
to combine sales op- 
erations of the com- 
pany for both brass 
and steel valves un- 
der one head. Grow- 





George R. Allen 
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P hysical Constants 
HYDROCARBONS 


By GUSTAV EGLOFF, Director of Research, 
Universal Oil Products Company, Chicago, 
A. C. S. Monograph No. 78 








@® VOLUME |—Paraffins, Olefins, Acetylenes, 
and Other Aliphatic Hydrocarbons. 
403 pages, $10.00 
@® VOLUME li—Cyclanes, Cyclenes, Cyclynes, 
and Other Alicyclic Hydrocarbons. 
605 pages, $12.50 
@ VOLUME Ill — Mononuclear Aromatic Com- 
pounds. 672 pages, $16.00 


® VOLUME IV—Polynuclear Aromatic Compounds 


Organic research chemists, development engineers, and 
physical chemists in the many industries in which aromatic 
compounds are involved will find this volume of critically 
evaluated data a noteworthy and highly useful addition to the 
literature. It will be indispensable to workers in the petroleum 
and related fields and also to those in the coal-tar, dye, phar- 
maceutical and synthetic chemical industries. This monumen- 
tal series, of which this is the fourth volume, will also be of 
prime interest to technical librarians, professors of chemistry, 
and advanced students s ializing in organic synthesis. 

The organization of Volume IV is the same as that of the 
three preceding volumes. The name and structural formula, 
together with melting point, boiling point, density and refrac- 
tive index values as determined by numerous investigators at 
widely different atmospheric pressures, are given for all 
known compounds whose, chemical nucleus consists of more 
than one ring. Ideal values as selected by the author are 
indicated for each compound on which a large number of 
jeterminations is reported. The material is copiously docu- 
mented; additional data are presented when available. 


540 Double-Column Pages $17.50 
Send Orders to 


THE GULF PUBLISHING CO. 


HOUSTON, TEXAS. 














A Gulf Publishing Company Publication 











for the oil industry cover a wide range of 
specialized productions. Gate, Stop and Check 
Valves for high pressures and temperatures, 
steam oil, gas and for general purposes. Also 
Newman-Milliken Glandless Lubricated Plug 
Valves for all oilfeld and refinery services. 
Working pressures to 5,000 Ibs. per square inch 
(tested to 10,000 Ibs. per square inch Kerosene). 
Made in various metals to- suit particular services. 


Newman, Hender & Co. Ltd 
(Wooo cnesteneNprcces ENGLAND] 


Tolegrems - Weverann WOOKMESTER Telephone C2 © OF KAN SwORTH 
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With an extra cartridge of 
plates, used set is removed 
and clean set installed. Fil- 
tration proceeds while oper- 
ator cleans used cartridge. 














Cake will not break or 
slip during wash-through 
with solvents or blow- 
down with gas or air 
pressure. ‘ 








Pressure-tight, leakproof 
construction is standard 
with Sparkler. 






All units available with 
pumps and explosion-proof 
motors, Even largest units 
may be portable. 







Capacities: 
60 to 10,000 G.P.H. 







Model 33-S-9 in mild steel. 
Steam jacketed. Cap. 2,600 G.P.H. 


Sizes from 1 sq. ft. to 150 sq. ft. of 
filtering area, 


SPARKLER Mfg. Co. 


218 Lake Street Mundelein, Ill. 
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We design and 
construct all 
types of modern 
refining units. 


+ 


BORN ENGINEERING CO. 
Oklahoma 


Tulsa 


lf you need condenser or heat ex- 
changer repairs in a hurry call us. We 
specialize in fast, high quality work. 


25 Years Successful Experience 





RUST-OLEUM 


POSITIVELY PREVENTS RUST 


PROTECTS YOUR 


METAL SURFACES 


CORROSION 


“Ried Coorory 


(See Page 968—Refinery Catalog) 


RUST-OLEUM 
CORPORATION 
EVANSTON, ILLINOIS 


TEXAS BRANCH 
1935 Commerce St., Dallas, Texas 











ing emphasis on LP gas also was a fac- 
tor which helped to set a company 
policy of over-all sales operations, it was 
said, together with a noted growing 
trend of intermingling brass and steel 
in smaller valve applications in many 
industries. 


Black, Sivalls & Bryson 
Announces Sales Changes 

Black, Sivalls & Bryson has announced 

three changes in sales personnel, made 
necessary by the re- 
cent death of J. A. 
Grubb, who had been 
regional manager for 
the company in Kan- 
sas and the North- 
west. 

Ed Nelson has been 
transferred from 
Kansas City to Great 
Bend, Kansas, where 
he will direct Kansas 
operations for the 
company. 

Marion Miller, who 
had been Grubb’s as- 
sistant in the Wich- Ed Nelson 
ita sales office, now is in charge of that 
office. 

Lee Kelton has been made district 
manager in charge of the Connor Tank 
Division in its operations in Wyoming 
and Colorado 


International Nickel Company 
Names Two Vice Presidents 


H. J. Fraser and H. J. French have 
been elected as additional vice presidents 
of The International Nickel Company, 
Inc. Fraser has been assistant vice pres 
ident since June, 1943. Both he and 
French are assistant vice presidents of 
The International Nickel Company of 
Canada, Limited, the parent company 

Fraser joined the Huntington Works 
of The International Nickel Company in 
May. 1923, following his graduation 
from Queen’s University, Kingston, 
Canada. After serving for some years 
in various technical and operating ca 
pacities, he was promoted to the New 
York office in February, 1935, becoming 
assistant manager of production depart 
ment. He has been assistant vice presi- 
dent of both companies since June, 1943. 

French, after receiving the degree of 
metallurgical engineer from the School 
of Mines, Columbia University, in 1915, 
served with the U. S. Army during 
World War I. In 1919 he joined the 
metallurgical staff of the U. S. Bureau 
of Standards in Washington, subse- 
quently becoming assistant chief of. the 
Division of Metallurgy. He became as- 
sociated with International Nickel in 
1929 and was for years in charge of 
alloy-steel development. Assistant man- 
ager of the development and research 
division since September, 1943, he re- 
cently was appointed an assistant vice 
president of The International Nickel 
Company of Canada, Limited. 


Pittsburgh Steel Company 
Revives Marketing Subsidiary 

Pittsburgh Steel Products Company, 
subsidiary of Pitsburgh Steel Company, 
has been revived and expanded to be- 
come the marketing division for the par- 
ent company’s products. 

Top management of the subsidiary is 
the same as for the parent organization, 
headed by Joseph H. Carter, president; 

K. Beeson, executive vice president; 


T. C. Phillips R. L. Glose 


Joseph A. Voelker, vice president; and 
J. H. Morrison, vice president in charge 
of operations. 

Thomas C. Phillips and Robert L. 
Glose have been elected vice president 
in charge of sales and general manager 
of sales, respectively, of the subsidiary 
organization. 





WANTED—MECHANICAL OR METALLURGICAL 
ENGINEER—familiar with the inspection of refinery 
fractionating equipment, furnaces, heat qutones 
and pressure vessels and having experience to qualify 
for making recommendations for renewal or repairs 
to the equipment. Experience on catalytic cracking 
units preferred, but not essential. In replying, please 
send full details of experience and education. Snap- 
shot (if available). Address: Box 10-R, ¢/o Petro- 
leum Refiner, Houston, Texas. 








WANTED 


Graduate chemical engineer with experi- 
ence in petroleum refining for teaching 
fundamental principles of chemical engi- 
neering. Position permanent in well es- 
tablished engineering school in West 
Give age and experience in first letter 
Address: Box 3-R c/o Petroleum Refiner 
Houston, Texas. 








ENGINEER 


Engineering firm, headquarters New York 
City, requires graduate engineer experienced 
construction and mechanical design petroleum 
refineries or power plants. Fluent French and 
English. Two years foreign assignment in large 
European city. Address: Box 2-R, c/o Petro- 
leum Refiner, H.uston, Texas. 








FOR SALE—300 H.P. Clark RA3 Gas En- 
gine Driven Compressor with or 
without compressor cylinders. Brand 
new. R. H. Armstrong, Box 119, 
Texas City, Texas. 
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Box 868 Tulsa, Okla 
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